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Abstract 
Women, African Americans, Latinos and Native Americans are underrepresented in 
STEM at the high school, college, and careers levels. For underrepresented groups, many efforts 
may come too late to address underlying problems such as perceived lack of ability and lack of 
exposure. Out of school, semi-structured robotics programs with embedded community 
informatics (CI) practices have demonstrate great potential for increasing STEM access, 
exposure, and interest for all students. Yet, while programs of this kind have demonstrated 
promising outcomes for increasing STEM interest early in the STEM education pipeline, gaining 
access to tools and resources for underrepresented communities students can be very 
challenging.  
This qualitative research study uses a constructionists grounded theory methodology to 
examine what happens when a group of African American parents attempt to gain access to 
resources and implement STEM programming (a robotics project) outside of a traditional school 
setting.  
This study employ the theoretical frameworks of community cultural wealth, bridging 
and bonding social capital, and possible-selves, in examining the challenges and triumphs of 
African American parents in establishing a quality robotics program for their middle school level 
African American children in a small urban Midwest community. 
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Chapter 1 
Introduction to the Research 
 “If we teach today’s students as we taught yesterday’s, 
we rob them of tomorrow” (Dewey, 1916, p. 167) 
Introduction 
The current model of schooling in the United States emerged out of the technologies and 
social practices of the industrial revolution. While the industrial era of the early 20th century gave 
rise to a universal schooling system during a time when one did not exist, the 21st century school 
is now pressed to reconsider the current system’s fundamental practices. One of those 
fundamental practices in question is how we educate and prepare our youth for the labor market 
and entrepreneurship opportunities of the 21st century—a market that is heavily influenced by a 
growing demand for creativity, innovativeness, and cultural awareness—in addition to science, 
technology, engineering, and mathematics (STEM). According to the Bureau of Labor Statistics 
(2014), the future of the labor market and economy is STEM (BLS). The STEM labor market 
growth trajectory for 2014 through 2022 predicts that STEM employment and occupation growth 
will increase by 1 million jobs. These jobs are significant because they will sustain the stability 
of the United States economy, and they also offer a substantial increase in individual earning 
potential, more than double the median income of $35,080 as of May 2013 (statistics, 2014).  
Over the past decade, concerns of those underrepresented in STEM have increased as 
STEM skill demands for the 21st century surge, particularly as it pertains to African Americans 
and women (Casner-Lotto, 2006; Ching-Chiu, 2013; Dickerson, 2014; Du., 2004; Gormley, 
2014; Griffith, 2010; Harvin, 2015; Landivar, 2013; Riegle-Crumb & King, 2010; Yoon, 2014). 
In a research study of underrepresented women and minorities in STEM, Alvarez, Edwards and 
Harris (2010) found that all kinds of learners are capable of achieving in STEM disciplines, and 
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higher achievement is more likely when programs consider areas of concern, such as educational 
underachievement, socio-economic status, cultural awareness, and awareness of STEM 
opportunities and careers. While many reform efforts appear promising in addressing these areas 
of concern, little is understood about how underrepresented groups K-12, such as African 
American students and their families, are experiencing the challenging conditions of STEM 
education access and opportunity early in the STEM education pipeline.  
As an African American female researcher who participates in local Community 
Informatics (CI) projects (Bruce, Bishop & Budhathoki, 2014), and has worked with local 
African American middle and high school students, I am keenly aware of the conditions that 
produce participation gaps, the lack of STEM role models, and the lack of STEM exposure in the 
African American community. I am also aware that schools, parents, and policy makers are 
seeking opportunity in programs that exemplify success in learning while engaging students in 
hands-on learning, inquiry/investigations, and activity that leads to critical thinking, problem 
solving, and a deeper understanding of STEM fields and careers. While most research data on 
programs of this nature is situated within a school setting—within classrooms or afterschool 
programs (Cotabish, 2013; DeJarnette, 2012; Dickerson, 2014; Du., 2004; Epstein, 2011; 
Gormley, 2014; Hansen, 2014; Harwell, 2015; Hillman, 2014; Judson, 2014; Museus, 2011; 
Owens, 2014), the significance of this research study is to contribute to STEM education 
research and discourse through a qualitative study on the creation of an out-of-school STEM 
education project called Robotica, founded and operated by three African American parents. This 
study seeks to provide a platform for voice, through the narratives of African American parents 
and their children, as they attempt to negate the local deficit in opportunity for a competitive 
robotics teams. As a project with embedded Community Informatics (CI) theory and practice, 
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this study seeks to discover how CI methods intersect with STEM education imperatives toward 
providing increased STEM participation, access, opportunity, and interest for a group of middle 
school level African American students.  
Research Question 
1. How do parents of underserved students attempt to gain access to resources and 
implement STEM programming outside of a traditional school setting?  
2. How do youth participants experience an out-of-school robotics program? 
This research question will guide my efforts to understand what it took for these African 
American parents to establish a competitive robotics team from the bottom-up, and how the 
participants respond to the Robotica design. 
Defining STEM Education 
In the 1990s, the National Science Foundation coined the acronym STEM, which has 
become the official abbreviation for science, technology, engineering, and mathematics, but not 
without debate. Since the inception of STEM as a widely used term, it has come to be defined as 
both ubiquitous and ambiguous. Meaning, STEM has emerged as a popular term, yet has evolved 
into an acronym with differing meanings based on the context of use. Some STEM education 
critics suggest the acronym has evolved into more of a slogan than, rather than a concept with 
concrete meaning and objectives. Some researchers and professionals argue the notion of STEM 
education subjects taught in isolation leaves out essential learning, perhaps supporting skills for 
job readiness, but over looking the importance of other key subject matter. Liberal arts advocates 
push back against the STEM education movement’s perceived subjugation of academic 
disciplines such as the social sciences, political science, the arts and humanities; they maintain 
that disciplines that include humanistic approaches to teaching and learning are necessary to deal 
with complex world problems such as poverty and poor public health. STEAM education 
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(inserting an “A” for the arts) advocates argue the arts explicitly should be incorporated into 
STEM education and contend that important fundamentals of the arts are missing from STEM 
education when taught in isolation. They contend that making reference to STEM without 
including the arts provides for a limited interpretation of the nuances associated with the 
interdisciplinary and synergistic facets of STEM education, the kind of nuances that make STEM 
education a significant component to 21st century education, such as critical thinking, creativity, 
active learning, and hands-on experiences connected to real life and self/group agency (Dewey, 
1966; Fraser, 2010; Freire, 2000; Ginwright, 2007; Greene, 1995; Grubb, 2004). Meanwhile, 
some simply state that the arts are an inherent component of STEM, and the “A” for the arts 
inserted into the STEM acronym should be assumed even if not literal (Jolly, 2014). While this is 
not intended to be a comprehensive review on the range of use for “STEM education,” it 
provides a glimpse into the assortment of uses and aims to problematize a monolithic definition 
of STEM education.  
For clarification, in this study, K-12 STEM education is defined as science, technology, 
engineering, and mathematics with an inherent arts component, which includes problem solving, 
critical thinking, ingenuity, and creativity. This study suggests the purpose of advancing STEM 
education initiatives is to provide culturally responsive, STEM education experiences, where 
students work together or separate, in a semi-structured environment with hands-on engagement, 
applying knowledge and skills to personally meaningful and socially relevant life situations. 
Depending on the context of use, the interdisciplinary design of STEM subjects can include one 
subject or a combination of two, three, or four of the subjects. Robotics includes all four 
disciplines.  
Need for this Study 
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STEM education is currently on the forefront of education policy reform. The goals of 
the STEM education movement in both policy and practice is to nurture more STEM field 
participation as the economy shifts from an industrial economy to a technologically driven 
information economy (Casner-Lotto, 2006; Grubb, 2004; Prensky, 2010). Education policy 
reform advocates are concerned the United States is not producing enough STEM professionals 
to accommodate the rapidly growing job market. At the same time, STEM education advocates 
argue that underrepresented groups such as African Americans and low-income communities are 
being further marginalized, and their respective schools economically divested by an inequitable 
schooling system plagued by sustained funding challenges. School districts nationwide, 
particularly those districts located on the margins of wealthier communities or in working class 
communities, struggle not only with the high prices of STEM education tools and accessories, 
but tech support, qualified teachers, professional development, and effective curriculum 
strategies (Borko, Whitcomb, & Liston, 2009; Delacruz, 2004). The STEM challenges of these 
schools are diverse and often seem insurmountable to reach even the most basic learning goals. 
These are schools situated in communities where many of the students are already unlikely to 
have access to STEM role models; family members and community members working in STEM 
fields; the kind of role models critical for these students to make fundamental connections 
between their culture and the potential impact of STEM education on them, their families, and 
communities.  
As desegregation efforts of the ‘60s and ‘70s have evolved into the resegregation of 
students by race, culture and class, those who are underrepresented are situated to fall further 
behind in their ability to participate in the STEM future. For those schools that do manage to 
implement STEM driven curricula, the uses of information technology are primarily focused on 
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academic achievement goals in core subjects such as math, science and reading (Du, 2004; 
Fahser-Herro & Steinkuehler, 2010; Finn, 2009). These curriculum designs aim to reach 
benchmarks and achieve satisfactory progress according to state mandates, but while students are 
gaining skills on how to use devices for the purpose of study, it also contributes to a culture of 
Information Technology (IT) consumption over a culture of IT creation—meaning students learn 
to use the tools and information available, but do not learn how to think creatively in the creation 
of tools, programs, and knowledge production. The rules and guidelines connected to 
standardization, educational measurement, and performance provide very little opportunity for 
students to leave the abstract world of memorization and rote learning. While using critical 
thinking skills and digital devices to find and share information is an important skill, learning 
how to create digital technology software, programs, devices, machines, and knowledge 
information sharing is critical. Opportunities to participate in hands-on learning, making real 
world connections, gaining experiential knowledge, and gaining self/community sustaining 
entrepreneurship skills are vital to the sustainability of already vulnerable groups and their 
communities. Yet, if this kind of learning and practice rarely happens in schools and homes, 
where do we stand in addressing participation gaps, closing the digital divide, and providing 
equitable opportunity for STEM education, access and opportunity? 
Significance of Robotics 
The multidisciplinary nature of Robotics is significant to STEM education, as it includes 
the diverse areas of computer science, engineering, and mathematics (Rockland, 2010). In-school 
and out-of-school robotics programs have become a popular method of addressing the STEM 
education pipeline K-12 (Barreto, 2012; Cannon, 2007; Eguchi, 2014; Ludi, 2012; Vollstedt, 
2007). Evidence suggests factors that influence STEM interest and attitudes are fundamental in 
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robotics (Barker, 2012; Blanchard, 2015; Nordstrom, 2009; Nugent, 2010; Vollstedt, 2007; 
Weinberg, 2007); robotics is important to connecting and learning in mathematics, science, 
engineering and technology (Erdogan, 2013; Howard, 2011; Ludi, 2012; Nordstrom, 2009; 
Nugent, 2010; Vollstedt, 2007; Weinberg, 2007); robotics is an effective learning tool for 
project-based learning where STEM, coding, computational thinking and engineering skills are 
all integrated in one (Eguchi, 2014); and robotics provides opportunities for students to explore 
how technology works in real life, not only integrating STEM but also many other disciplines, 
including literacy, social studies, dance, music and art (Eguchi, 2014). Erdogan’s (2013) research 
indicates that African American experience the most gains across both mathematics and science 
and “African American’s, Latino’s and women are very likely to benefit from the contextualized 
learning of mathematics and science within robotics” (Weinberg, 2007). While studies show that 
students may have a limited understanding of the variety of STEM work available and the 
qualifications needed to do that work (Bieber, Marchese et al. 2005; Cleaves 2005). Students’ 
educational and occupational aspirations are shaped in part by their experiences and exposure to 
STEM career fields such as robotics (Elam, 2012; Howard, 2011; Weinberg, 2007). However, it 
is important to note that while there are many aspects of robotics to appreciate in supporting 
STEM education, the tools and supplies necessary for quality robotics programming can be more 
expensive and difficult to access than other STEM education activities.  
What is Community Informatics?  
Community informatics (CI) is an emerging field in library and information science that 
seeks to address the diverse issues that underpin the digital divide and/or participation gaps. With 
aims to empower underserved communities, CI practitioners provide access, opportunity, and 
training for people to engage with information technology (Williams & Durrance, 2009). As both 
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a theory-driven practice and practice-driven theory, CI thrives through practice and critical 
reflection, the interaction of people, technology, community networks, and network building, 
which in turn informs future practice. The theory and practice of community informatics 
continues to expand by “strengthening communities faced with the digital era and its attendant 
disruption and opportunities” (Williams & Durrance, 2009). At a maximum level of 
effectiveness, community informatics strives to build sustainable technological networks by 
providing; access to tools and training; improved device and broadband interaction; personal and 
community development; intergenerational information exchange; cross cultural exchange; 
community preservation; cyber-participation and economic opportunity (Akalimat, 2001; 
Lenstra, 2012; Pitkin, 2006; Roy, 2010; Williams, 2012;  Williams & Durrance, 2009). As CI 
seeks to expand the reach of digital technology, skills and broadband access by bringing devices 
and training into to areas that need it the most, the practice continues to be defined and redefined 
by researchers and participants. The continuing impact of community informatics on local and 
global communities is vital.  
Some of the communities, institutions and groups impacted by the dedicated works of 
community informatics practitioners are seniors, youth, schools, churches, recreation centers, 
marginalized Latino, African American communities, and rural communities in China and South 
Africa, in addition to anyone who stops by a local library needing technological assistance and 
guidance. While each community informatics project has a different approach and purpose, they 
all seek to increase technological knowledge and skill for those who need it the most (Akalimat, 
2001; Lenstra, 2012; Linchuan, 2013; Peterson-Bishop, 2005; Zeisel, 2006; Zhipeng, 2013). 
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Research Focus 
 After spending the past 5 years practicing and observing a variety of CI projects, it 
occurred to me that community informatics with a robotics focus is a valuable practice, with the 
potential to provide STEM education support outside of bureaucratic, standardized test driven 
schooling structures. Given that consistent hands-on opportunities to engage STEM activities in 
critical ways during the school day are problematic because of curriculum and time restrains, I 
recognize three significant factors, which support my hypothesis that community informatics can 
support STEM education in out-of-school practices. First, students are provided with STEM 
exposure, not available in traditional school settings and/or not demonstrated within families as 
an interesting or relevant field of study or career. Second, students are introduced to STEM in a 
non-formal, less ridged, less abstract way. They are allowed to engage their own creative ideas 
through critical thinking and problem solving. Finally, students are provided nurturing guidance 
toward their own STEM identity, meaning how they see themselves (possible-selves) as relevant 
in STEM. The focus of this study is to examine the ways community informatics is embedded in 
the practices of Robotica and how this combination makes for a viable option for STEM 
education and addressing participation gaps for underrepresented students from the perspectives 
of parents and students. 
Research Site 
 Alan Davis, African American male educator and program developer for a local 
university youth outreach program and father of an eighth grade male Robotica participant, has 
recently collaborated with the parents of six middle students in the local community to launch 
“Robotica,” a grassroots robotics program currently hosting sixth through eighth grades. After 
witnessing very few African American participants, male and female, in statewide robotics 
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competitions and frustrated with the lack of options available for their children to participate in 
robotics clubs, these parents decided to join forces and create a competitive robotics program for 
their children. As a robotics program designed to cater to differing skill levels and interests, 
“Robotica,” which currently hosts sixth, seventh, and eight graders, provides this group of 
predominantly African American youth with an opportunity to participate in building small 
robots and a chance to take part in state and national robotics competitions.  
By gaining access to a space, tools and volunteer support for youth participants, these 
parents, volunteers and middle school level students have created their very own “1space of 
flows.” As a result, Alan Davis, as a youth program developer with the Youth Outreach Agency 
(YOA) and the Robotica crew (parents and students) represent the possibilities of community 
informatics and community cultural wealth in the development of an out of school STEM 
education initiative. 
Robotica meetings are held every week on Friday evenings, from 6 p.m. to 9 p.m., in a 
large vacant and secluded office building, set back off of a main road surrounded by other vacant 
offices, large shade trees, and nestled in an unassuming area. This office space was donated by 
an anonymous community member for the use of several local robotics clubs. As you enter the 
building, inside of the heavy double glass main doors, the large (approximately 100’ x 50’) open 
floor plan is bright, and the energy is vibrant. Surrounded by light grey mosaic carpet, stark 
white walls and bright florescent ceiling lights, you can hear young people talking, laughing and 
bickering from a small side room.  
Robotica student participants. 
• China – 7th grade - African American – female  
• Sydney – 7th grade – Bi-racial – female 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Space of Flows – see Chapter 2, Literature Review, page 22.  
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• Mark – 8th grade – White – male 
• Eric – 7th grade – African American – male 
• Collin – 8th grade – African American – male 
• Michael – 7th grade – African American - male 
When I arrive for the first time, it is team Robotica’s second meeting. The six Robotica youth 
team members have been divided into two groups, one group of three is organizing robot parts 
and the other is learning the computer language JavaScript. During these meetings, team 
members switch back and forth between building the robot (bot) and learning JavaScript. On this 
particular day, the three students organizing robot parts are in a small side room, sitting on the 
floor inside of a 10 by 10 floor cage with floor mats. They are organizing a stack of small and 
medium sized robot parts. A stack of small clear plastic bags lay scattered on the floor; through 
the bags you can see nuts, bolts, screws, wires, arms, wheels etc. It is evident these are not plastic 
Lego robot parts; these youth are separating metal robot parts.  
 
Figure 1. Chyna, Collin and Eric organizing robot parts. It is evident these are not plastic Lego 
robot parts, these youth are separating metal robot parts.  
 
 
Figure 2. Chyna making labels and Eric separating robot parts. As they sit on the floor, one by 
one, the youth help each other open tiny bags containing robot parts, organize the robot parts, 
and place them into small plastics drawers. 
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 As they sit on the floor, one by one, the youth help each other open tiny bags containing 
robot parts, organize the robot parts, and place them into small plastics drawers. They are also 
cutting out labels from the plastic bags and sticking them to the small plastic drawers for future 
reference. There is a parts-chart lying on the floor nearby. They glace at it frequently and use it 
to help with matching, naming, and coordinating parts. Chyna is one of the seventh grade 
participants; she is focused as she cuts opens the bags and instructs Sydney (seventh grade) and 
Eric (seventh grade) on how she believes the parts should be organized in the drawers. Chyna’s 
mother stands nearby, occasionally offering a suggestion here and there, but the participants 
maintain a significant amount of autonomy. The room smells of sweaty feet, as the young 
participants sit on the floor and remove robot parts, screws, wheels etc., from over 100 small 
clear plastic bags. Alan Davis walks in and out, offering suggestions to Chyna for organizing 
parts along with subtle intermittent reminders to the students remain focused. As I stood in the 
doorway watching, a small framed seventh grade African American male, Michael, caught me 
off guard as he walked in the room and over to me, shook my hand, and introduced himself. “Hi, 
my name is Michael.” I was taken by surprise. I smile back at him, “Hi Michael, I’m Angela, it’s 
a pleasure to meet you.” The room dances with energy and organized chaos; the students are 
dutifully engaged. As an educator, I had entered and exited many middle school and high school 
classrooms. I have also participated in several programs and events during and after school, but 
this felt different. This was my first time witnessing a group of students engaged at this level of 
intensity, engaging in cooperative team work, problem-solving, and critical thinking, free to 
exhibit the energy and excitement of youth.  
The other half of the robotics team is in the kitchen area, sitting at a long table with three 
laptop computers side by side. Three male volunteers from the local university stand near by 
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instructing them on a computer programming language called Javascript. This is the 
programming language that will be used to program the movement of the robot for competition, 
which will take place in three months. 
 
Figure 3. Collin, Eric and Mark working on JavaScript to program the robot and being mentored 
by three university volunteers along with parent Alan Davis. This is the programming language 
that will be used to program the movement of the robot for competition, which will take place in 
three months. 
 
As Alan Davis gives me a tour of the large office space, he explains that several different 
robotics teams work in this space at varying times. In a larger area of the shared office space, I 
see partially constructed, much larger robots that stand about 6 feet tall. These larger bots, Mr. 
Davis explains, belong to a high school team that competes with larger frame robots. This more 
advanced competitive robot team is an evolution in robot building, a stage the young Robotica 
team can aspire to join in the future. 
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Figure 4. Two large FRC robots under construction by high school students in an adjacent room. 
In the back of the large robot room, there is a smaller room with a closed door. As Alan Davis 
gives me a tour of the large office space, he explains that several different robotics teams work in 
this space at varying times.  
 
 In the back of the large robot room, there is a smaller room with a closed door. Inside of 
this small room, Mr. Davis explains, is where Lego robots are built and tested. As he briefly 
opens the door to show me where the Lego teams robots are built, he explains, “these kids [in 
Robotica] aren’t interested in Lego robots; they want to build the real deal, they told us, so we 
listened.”  
While Mr. Davis does not refer to the works of Robotica as community informatics, my 
observation of the theory and practice of community informatics resonate throughout the works 
at the vacant office building turned high tech STEM hub. Gaining an understanding of what it 
takes to organize Robotica and the experiences of those involved will inform my research.  
If Robotica contributes to building a space of flows, which nurtures a STEM education 
for youth in the community where it resides, that’s critical data—that’s community informatics 
and STEM education.  
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Chapter 2 
Literature Review and Theoretical Frameworks 
The “Community” in Community Informatics has been defined in academic discourse in 
a variety of ways that typically involve descriptions of people interacting within communities, 
neighborhoods and social networks. These ways of understanding the meaning of community are 
significant. Social stratification by race, class, and geographical location can play a role in an 
individual having access to opportunities. The “Informatics” in Community Informatics adds an 
information technology component to the community and examines how specific community 
groups and networks interact with information technology. For further clarification of the 
interaction between the community and informatics (information technology), I will use this 
section to review a diverse range of CI theory. 
Community Defined 
In order to understand the grass-roots workings of community informatics, it is important 
to understand community (Bruce, 2014). The word community has a variety of definitions and 
personal meanings. It should not be misunderstood as being synonymous with neighborhood and 
structures. A community embodies shared values and similar interests that have been recognized 
by families, cultural groups, institutions, and gender groups—the kind of similarities that are not 
necessarily defined by the close spatial proximity of neighborhoods and community structures 
(Bruce, 2014; Cohen, 1985; Wellman, 1979).  
Cohen’s (1985) comprehensive studies of communities around the world challenged 
anthropologists and sociologists of the past for asserting the argument that the socio-structural 
elements of a community predetermine community organization and life by linking community 
structures to the predetermination of human behavior. Cohen (1985) counters that perspective 
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and contends that community is established in the minds of its members by focusing on culture 
rather than structure, and on like-mindedness rather than explicit boundaries, and meaning rather 
than form. Meaning is expressed and embellished symbolically, making community more linked 
to symbolic connection than social structures  
In seeking to understand the phenomenon of community we have to regard its constituent 
social relations as repositories of meaning for its members, not as a set of mechanical 
linkages. . . . Community exists in the minds of its members, and should not be confused 
with geographic or sociographic assertions of “fact.” By extension, the distinctiveness of 
communities and, thus, the reality of their boundaries, similarly lies in the mind, in the 
meanings which people attach to them, not in their structural forms. This reality of 
community is expressed and embellished symbolically. (p. 96) 
 
Cohen’s work assists in understanding the “community” as not being determined by 
socio-structures and not restricted to neighborhoods. We are also reminded that some 
neighborhoods and the people who reside in them are resolutely situated within historical, 
economical, and political stratifications of geographic space (Castells, 1998). Separated by 
cultures, colonies, boundaries and borders, implicit and explicit, an individual can be associated 
with several overlapping communities, but also find that none of their communities reside in the 
neighborhood where they live.  
The Dual City and The Space of Flows 
An information technology (IT) driven new millennium has arrived, one which swiftly 
changed the economic landscape of local cities and the world. It began in the 1970s and 
expanded rapidly during the past four decades, and this multidimensional transformation is 
redefining the way we live. The rapid evolution of IT, together with the socioeconomic 
restructuring of cities, has given rise to what Manuel Castells (1998) refers to as the “Information 
City . . . an urban system with sociospatial structures and dynamics determined by a reliance of 
wealth, power, and culture . . . knowledge and information processing in global networks, 
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managed and organized through intensive use of information technologies” (Castells, 1998). 
Although every city has the potential to become an information city, not every citizen possesses 
the means to access full participation in the opportunities and advantages, which makes the 
information city a “dual city.” A dual city is one that has two economically and politically 
polarized spaces that consist of high-value making groups and functions on one hand, such as 
university spaces and downtown areas, and devalued social groups and downgraded spaces on 
the other hand, such as the working classes, rural and low-income Black and Latino areas 
(Castells, 1998). In information technology discourse, the social stratification of devices, skills, 
training, employment, and knowledge is referred to as the “digital divide.” In regards to the 
economic stratification that exists within cities, Castells refers to this dichotomy as the dual city. 
In the dual city, socioeconomic status dictates the “space of flows,” a space where information 
technology, innovation, services, and distribution flow. In the space of flows, the ability to link 
processes and production via information technology allows for increased mobility, widespread 
spatial distribution of facilities and flexible activities. However, as people, services, and 
production relocate out of cities to the suburbs and abroad, the social inequality by income, 
gender, education, and race is exacerbated. The information city’s populace is divided; those 
who have higher education, higher-level tech skills, and economic freedom due to social 
mobility populate one side. The other side consists of those who are predominantly underskilled, 
underemployed, low-paid workers. As “the mismatch between an embattled educational system 
and the skill requirements of the expanding tech sectors of the labor markets grows” (Castells, 
1998), unequal structural changes replicate historic patterns of income inequality. The majority 
of those located on the lower economic side of the dual city are poor, undereducated African-
Americans and Latinos (Adelman, 2003; Friedman, 2007; O’Connor, 1999; Saegert, 2002). 
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Inadequate schooling and a lack of high-tech role models in marginalized communities 
perpetuates the pattern of small numbers of African Americans and Latinos participating in 
higher-education STEM disciplines nationwide (Griffith, 2010; Landivar, 2013; Riegle-Crumb & 
King, 2010). One result of the dual city has been that employment trajectories continue to be 
unpromising for underemployed groups on the wrong side of the digital divide, meaning those 
who have been marginalized from the space of flows. The U.S. Census Report on STEM 
(science, technology, engineering, and mathematics) employment by race (2011), breaks down 
STEM employment rates as: White 71%, Asian 14.5%, Latino 6%, and African Americans 6% 
(Landivar, 2013). However, while the dual city and the space of flows symbolize the 
reproduction of inequality, the lower economic side of the dual city is not hopeless. Policy 
linking technological change and social reform hold promise, as Castells (1999) contends, 
efforts geared toward jobs, education, and community, require mobilization of social and 
political resources . . . local governments are key factors in the process, but they must 
rely on both citizen participation via community organizations and on the contribution 
from socially responsible corporate businesses, citizens and local/state governmental 
agencies. (p. 60) 
 
Social reform begins with the education and training of underserved communities. 
Schooling reform advocates contend that technology in the classroom is a step in the right 
direction. In many school districts, state, local, and federal funding efforts attempt to mitigate 
some of the issues regarding IT access, usage, and training in the classroom. In regards to 
schools that can afford to participate, digital device programs have been initiated with the 
intention of revitalizing the curriculum and teaching the core content. State and federal funding 
is tied to student satisfactory performance on standardized tests. Thus, the focus of teachers and 
district administrators has been on maximizing curriculum content toward the goal of reaching 
academic achievement goals in reading, mathematics, and science.  
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While information technology in the classroom and home is linked to academic 
achievement for students from upper- and middle-class families, the dual city remains evident in 
the underachievement of poor African-American and Latino students, particularly when 
attempting to use devices in the home. According to research, which has examined the 
relationship between technology in the classroom and academic achievement, student use of 
technology outside of school was a stronger indicator for academic achievement than in the 
classroom, and income was a stronger indicator than race. Lower-income families do not have 
the means to model technology use in the home because they either lack skills or access to 
devices (Du, 2004). Schools also struggle with classroom technology integration due to the lack 
of training that teachers need to maximize the benefits of technology in the classroom. As 
Sinclair (2009) suggests, “The miscarriage in the process, has always been, that the arrival of 
technology was placed chronologically ahead of developing teacher competence” (p. 49).  
When a community is bypassed by the space of flows, it is also bypassed by the 
information economy. The poor side of the dual city struggles with a dual problem: under-
educated parents on one hand, and a lack of tax revenue to support teachers and schools on the 
other hand. In the case of underfunded schools, dilapidated structures, low retention of quality 
teachers, and undereducated parents, the dual city is in need of innovative concepts and support 
to help them close digital participation gaps. 
PrairieConnect 
PrairieConnect (pseudonym), a local community network, was one of the most 
successful, longest-running community networks in the United States to address dual city issues. 
PrairieConnect was a grant-funded, Community Informatics initiative during the 1990s. 
PrairieConnect’s primary goal was to connect with local organizations and groups, discover 
20 
areas of need, and respond to community need based on information provided by local residents 
and organizations. PrairieConnect bridged the local university’s Space of Flows to areas in need, 
and provided 700 low-income families with computers, Internet accounts, and training. It 
provided assistance to hundreds of local non-profit organizations and helped them create 
organizational websites, and listservers. PrairieConnect also provided organizations with insights 
on how to integrate technology into their mission; and developed web-based applications for 
health and human services (Bishop, 2009). According to Bishop (2009)  
[PrairieConnect’s] real impact comes in integrating technology with community goals. Its 
work proceeds according to needs and opportunities expressed by community 
organizations and residents. For example, in response to a request from a county agency, 
it provided computers and training to a group of low-income women in a program that 
helped them set up home daycare businesses. (p. 1) 
 
PrairieConnect’s impact continues to resonate throughout the Lovington county area 
(pseudonym), in schools, churches, libraries, and community centers. The Center for Digital 
Expansion (CDE; pseudonym) at the local university continues the research and practice of 
Community Informatics by addressing dual city issues and maintaining the center’s commitment 
to building capacity in people and organizations by improving the democratic, social and 
economic vitality of communities through the use of information technologies. 
Bridging and Bonding Social Capital 
Social capital, in simple terms, is the social value of an individual’s networks, resources, 
relationships, and assets. Higher levels of social capital typically derive from membership in an 
elite or dominant social group. Societies function hierarchically and are structured as pyramids of 
wealth, networks, and resources that have concentrations of social capital located at the top of 
the social pyramid and weaker concentrations of social capital at the bottom (Bourdieu, 2011; 
Williams, 2011; Williams, Durrance, 2013).  
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According to Williams (2013), the concepts of bonding and bridging social capital refer 
to a community’s capacity for accessing resources internally (bonding) or externally (bridging). 
While bridging and bonding networks are beneficial at all levels of the pyramid, for those at the 
lower end of the pyramid, bridging social capital plays a significant role. Community churches, 
organizations, schools and recreation centers are all networks that sustain the internal bonding of 
social capital among community members. These spaces are safe havens, culturally and 
ideologically familiar to members of the community. Yet, for communities bypassed by the 
space of flows, the ability to obtain necessary resources externally by bridging to networks 
outside of these spaces is vital. Bridges to and from institutions, organizations, corporations, and 
the high-tech community in the dual city can provide a gateway to access, partnerships, 
education, and training. Within these collaborative efforts, it is important that the starting point 
consist of existing bonds, given that the social networks situated within these communities 
assemble valuable resources and allow for a level of agency and self-sufficiency (Williams & 
Durrance, 2013). According to Williams and Durrance (2013), addressing community needs by 
bridging networks and providing resources and training allows for self-efficacy, builds 
confidence, and provides a sense of hope towards the rebuilding and revitalization of a 
community. Inequality always poses a challenge, and there is no intention of striving toward 
utopia here. Rebuilding communities, bridging resources, and building social capital in 
underserved communities also requires building and sustaining a collective movement, as 
Akalimat (2001) contends, “The success of an organization or movement depends on its 
resources being more powerful than the obstacles it faces” (p. 184). 
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 A detailed analysis and critique of social capitol theory, including a critique of use 
limitations, particularly as it pertains to this study, will be expanded in the methodological 
approach section of chapter 3. 
Collective Intelligence 
Levy (1999) defines Collective Intelligence as “a form of universally distributed 
intelligence, constantly enhanced and coordinated in real time and resulting in the effective 
mobilization of skills” (p. 13). Collective intelligence that is derived through knowledge sharing 
and propelled in cyberspace disrupts the propensity for individuals and groups to privilege their 
own knowledge over that of others.  
Throughout early Western history, the production of knowledge was virtually exclusive 
to an elite group of primarily White, heterosexual males. From paper and analog media to 
academic writings, the experiences and voices of “others” were relegated to the margins and 
were often silenced. During the past five decades, primarily after the civil rights movement, the 
gradual arrival and emergence of minority groups (i.e. women, LGBTQ groups, African-
Americans, Latinos, Asians) in colleges and universities provoked a deconstruction and 
reconstruction of knowledge and information, challenging the earlier legacy of European 
heteronormative intellectualism. The lives and experiences of others were formerly examined 
and documented by outsiders; the “others” now speak and document the facts of their own 
existence. In the 21st century, a new revolution emerged. The rise of the Internet and information 
technology globalized knowledge production and ignited the real potential of collective 
intelligence by redefining who finds, owns, creates and disseminates knowledge. According to 
Levy (1999), “In the age of knowledge, failure to recognize the other as an intelligent being is to 
deny him a true social identity. It feeds resentment and hostility, the humiliation and frustration 
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from which violence is born.” Everyone has their own set of experiences and ways of knowing 
that are diverse throughout geographic spaces, race, culture, gender, and religion. Knowledge is 
not mutually exclusive. While you may own your own thoughts or even an idea, no one owns the 
exclusive rights to knowledge, and everyone has something to contribute as an intellectual or 
author concerning their existence.  
Knowledge is now interchangeable, and if refined, it has been infused by what was once 
unknown and emerges in a more advanced state. The interchange of knowledge gives birth to 
something new: innovation.  
Some believe intelligence can be measured; benchmarks, grades and scores place 
privilege on some levels of intelligence and less on others. Some argue there are different kinds 
of intelligences. Gardner (1985) proposes a theory of multiple types of intelligence, suggesting 
that some people are inherently predisposed to excel at specific tasks. One glance at the world 
may make it appear to be so. But what if all individuals that have been stratified by benchmarks, 
scores, grades, and multiple intelligence categories contributed to knowledge equally and that 
knowledge was coordinated in real time?  
Cyberspace allows for knowledge building and sharing, meaning a real-time coordination 
of intelligence. However, a real-time collective intelligence in cyberspace cannot exist without 
the uploading of ideas, versus the downloading and lateral sharing actions of consumptive 
culture. Downloading connotes moving information from a central source to a peripheral device. 
By contrast, uploading means not only moving information from a periphery to a core, but also 
from one device to multiple devices (Lunenfeld, 2011), flattening out the hierarchy of 
production, reception and distribution. Lunenfeld (2011) argues, “Failing to move beyond 
downloading is defining one’s self as a non-constituent of humanity” (p. 1). 
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Youth Community Informatics 
Youth Community Informatics (YCI) was a grant-funded research initiative through the 
local university developed by Professors Bertram C. Bruce and Ann Peterson-Bishop. This 
initiative mobilized a bridge from the university to youth in the local community in an effort to 
connect devices, training, and opportunity to high school youths, and connect underrepresented 
students to the university’s space of flows.  
In 2010-2011, YCI faculty and graduate students recruited six local African American 
high school students (4 females and 2 males) for a CI project aimed at addressing their needs. 
The students were first interviewed and asked about their needs. The teens responded with the 
concern that summer employment for themselves and their peers was a challenge in the local 
community. The students suggested that most of their peers did not know where to go or who to 
ask in an effort to secure employment for the summer. Summer employment is important to 
youths who live in low-income communities; many want to spend the summer months earning 
money for the upcoming school year. However, most of them have no means of finding summer 
employment opportunities. Once they chose to address the needs of youth summer employment 
opportunities, students were then mentored by university faculty and graduate students regarding 
how to provide an information tool that would allow them to discover summer employment 
opportunities and provide a platform to share job information with their peers. Beginning in the 
spring, the six YCI high school students went out into the community with cameras and 
microphones, seeking local organizations, agencies, and businesses that had the potential to 
provide summer employment opportunities for youth. They interviewed directors, human 
resources officers, and a variety of adults in leadership positions throughout the community. The 
students asked each professional if they had positions available for youth summer employment, 
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what kind of positions were available, and then asked the leaders to explain what they may be 
seeking in an employee and how they may go about gaining employment with their agency for 
the summer. Each interview was recorded using digital video cameras and microphones. After 
the interviews were completed, the students were brought back to the university and mentored on 
how to use film editing software to edit each video, retain the most informative parts of the 
interview, and condense the film clips down to a few minutes. Once the videos were completed, 
students created a Google map of all of the potential employment locations with interactive 
geospatial locators that marked the location of the organization in the local community. They 
then uploaded that data with markers to the Google maps interface. Clicking on the geospatial 
locators on the map permitted the students and their peers to view short interviews with 
professionals in the community. They could listen to explanations of the function of their 
organization and details about summer youth employment opportunities, including information 
about who to contact and how to apply. When the project was complete, students were proud to 
share their works with peers in the local community. They formed bonding networks within their 
community of peers, built bridges to networks outside of the community and uploaded 
information. Students acquired useful IT skills by addressing a need among themselves and their 
peer community. This community/university partnership and mentorship allowed students to 
harness technological skills, use those skills to build vital networks, and reroute the space of 
flows to their bypassed community. The participants felt accomplished and proud of their work. 
Several of the YCI participants were later paid and recognized for their mentoring work with 
younger youths in the community during the next two summers and went on to graduate from 
high school.  
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In this case, the bridging and bonding of social capital provided youths with access so 
that they could address this urgent issue. The youth were the focal point, and the university 
provided access to tools and training, and community organizations provided access to 
information. Both entities bridged shares of established social capital to youth participants, and 
requisite resources were redirected from within the university space of flows to the youth 
participants who would not have otherwise had access. The youth participants led the way by 
using community inquiry methods to solve a perceived problem (Bishop, Bruce, Crump, 
Heidorn, Jones, Palmer, 2004; Bruce, 2014; Ching-Chiu, 2013). They bonded with professionals 
in the community, and were able to pave the way to obtaining valuable information. They used 
digital technology to capture information, and then transmitted employment information to their 
peers. This was a collaborative effort to address the perceived need for summer employment 
opportunities. The two groups established a collective intelligence repository by sharing 
knowledge. This redefined how the youths understood their own role and agency in collecting 
and disseminating valuable information regarding summer job opportunities. Using a Geographic 
Information System (GIS) to map summer employment opportunities in the local community 
allowed the youths to engaged in knowledge creation, knowledge sharing, and to compile and 
employ their own personal collective intelligence. They participated in downloading information, 
uploading new information, and reframed how employment opportunities for youths were made 
available. The youths became the authors of their own existence. They shifted access to 
information regarding job opportunities from being unknown to being accessible on their 
personal cell phone devices. In the end, the interchange of knowledge and resources gave birth to 
something new and valuable by connecting those without direct access to a space where 
information and access flowed.  
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The preceding Youth Community Informatics project represents only a portion of what 
was initiated through partnerships with PrairieConnect. Other local Community Informatics 
initiatives have recycled computers and set up over 70 community technology centers in 
churches, daycares, homeless shelters, and other small non-profits in low-income urban areas in 
the region. These service-learning projects involved local youth partnering with graduate 
students to create a teen tech program. Youth have also learned how to create a small community 
technology center and how to set up their own small tech businesses to help provide ongoing 
tech support to the local community (Bishop, 2009) 
These initiatives demonstrate the efficacy of embedding Community Informatics theory 
and methods in STEM education. Science, technology, engineering and mathematics are more 
relevant to everyday life when shifted away from the abstract text of books, memorization and 
worksheets, to using inquiry-based methods to address community needs. Providing 
opportunities for service-learning, critical thinking, problem-solving, leadership, creativity, 
support systems for diverse learners, innovation, and entrepreneurship is the hallmark of STEM 
education policy and initiatives (Alvarez, 2010; Bybee, 2013; Casner-Lotto, 2006; LaMore, 
2013; Martinez, 2012; Museus & Davis, 2011; Prensky, 2010; Spellman, 2014; Wolske, 2008; 
Wright, 2008). 
Theoretical Frameworks 
This study employs three theoretical frameworks: Community Cultural Wealth (CCW), 
Social Capital theory (bridging and bonding), and the theory of Possible Selves.  
During the past two decades, social capital theory has become a popular concept. It began 
with theoretical constructs in the field of sociology. As the concept expanded into other 
disciplines and everyday language, some believe that the definition of social capital can be 
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applied to many events (Portes, 2000). However, it is plagued by unresolved measurement issues 
which obscure the nature of the concept and is losing distinct meaning (Tzanakis, 2013).  
The first contemporary and refined analysis of social capital was formed by Pierre 
Bourdieu (1985), who defined social capital as “the aggregate of the actual or potential resources 
which are linked to possessions of a durable network of more or less of institutionalized 
relationships of mutual acquaintance or recognition” (Bourdieu, 1986). The concept of social 
capital is influential both in its focus on the benefits that can be gained by individuals by virtue 
of participation in specific groups and the deliberateness of creating and participating in such 
groups for the purpose of gaining access to embedded resources. According to Bourdieu (2011), 
social networks are not inherent in social groups, they are a deliberate construct, based on the 
personal advantage of membership, and can be reduced to outcomes that are rooted in economic 
capital. Thus, when less economic capital is embedded in the group, such as in poorer 
communities, then the group itself has less value, and group membership is perceived as less 
beneficial, and this is the result of systematic structural inequality. Bourdieu argues that social 
reproduction and social inequality result from an uneven distribution of social capital. Coleman 
(1988) departs from Bourdieu’s arguments in suggesting that community-level outputs are the 
gauge for measuring whether or not social capital exists. Issues of social inequality are pervasive 
in the African American community and are perpetuated by socio-structural dysfunctions such as 
a lack of social norms that produce social capital (Tzanakis, 2013). When comparing the rotating 
credit associations of the Southeast Asia’s ability to collect and save money together with the 
poverty of urban inner-city spaces in the United States, Coleman (1988) contends that “one could 
not imagine a rotating credit association operating successfully in urban areas” (p. S103), which 
he regards as being “marked by a high degree of social disorganization—or, in other words, lack 
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of social capital” (p. S103). Coleman argues that the social structures of these two groups are 
different. He suggests that there are “differences in the actual needs that persons have for help, in 
the existence of other sources of aid, such as government welfare . . . [and] in cultural 
differences” (p. S103). These are some of the factors that maintain the differences in social-
structure between those who are organized with social capital in Southeast Asia and those who 
are disorganized without social capital in (presumably low-income African-American) urban 
inner-city spaces. Coleman’s argument does account for systematic structural inequality. 
Contributing factors include the historic impact of the separation and destruction of African-
American families, institutional racism, discrimination, the history of Jim Crow, the cradle-to-
prison pipeline, violence and brutality perpetuated upon African-Americans, and the enduring 
consequences of these practices. Coleman does not consider such practices to be less likely to 
occur in more homogenous cultures such as those originating in Southeast Asia.  
This study pushes against the notion of socio-structural dysfunction in communities of 
color. It seeks to establish the functional organization of African-American parents in developing 
a competitive robotics team. This study demonstrates the value of bridging and bonding social 
capital in communities and networks of color and demonstrates the efficacy of Community 
Cultural Wealth.  
This study and analysis will be foreground in the theoretical framework of Community 
Cultural Wealth (Yosso, 2005) and used as a lens to provide agency to parents and agency to the 
underserved community.  
Community Cultural Wealth (CCW) is intentionally employed in this study to challenge 
the historical white-middle class notions of dysfunction and deficit thinking in interpreting the 
networks and connections of communities of color. Earlier social science research emphasized a 
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lack of organization and quality social structures in communities of color (Clark, 1965; Coleman, 
1966; Moynihan, 1965; Valentine, 1968). Community cultural wealth, as understood when using 
a Critical Race Theory (CRT) lens, asserts that the cultures of students of color can nurture and 
empower them as they form and draw from their own community fund of knowledge (Yosso, 
2005). 
In this study, the bridging and bonding of social capital is examined through the lens of 
Community Cultural Wealth, a theoretical framework that focuses the lens on the experiences of 
people of color and puts critical and historical context at the forefront. It reveals accumulated 
assets and resources in the history and lives of communities of color (Yosso, 2005). There is a 
form of capital established within social relations of Communities of Color. Yosso (2005) argues 
that Communities of Color nurture cultural wealth through at least six forms of capital: 
“aspirational, navigational, social, linguistic, familial, and resistant capital” (p. 77).  
This study will examine the theory of Possible Selves (Markus, 1986; Oyserman, 1995), 
how it coexists within the six forms of capital described by Yosso, and its significance with 
respect to youth development programs and STEM education.  
I came to this research believing that there is a limited pool of African-American STEM 
role models and limited access to information on the diversity of STEM disciplines and careers, 
that more is needed to connect STEM to African Americans and their communities, addressing a 
limited STEM image and a limited interest in STEM for African American youth. I also believe 
that students who may be interested in STEM may struggle due to the stigma of acting white and 
the lack of a peer-driven STEM network. For this study’s purposes, the theory of possible selves 
provides a lens to examine the contribution of community informatics, specifically meaning a 
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robotics program developed by African American parents, to the participant’s STEM possible 
selves, from the perspective of their parents. 
The theory of “possible selves” emerged from the domain of social science research that 
explores self-concept and self-knowledge. It is a type of self-knowledge pertaining to how 
individuals think about their potential and their futures. Individuals can have pools of possible-
selves that represent who they want to become, who they believe they can become, together with 
who they are afraid of becoming (Markus, 1986). Possible selves derive from an individual’s 
particular background, and are connected to factors such as sociocultural contexts, historical 
contexts, the models and images portrayed by media, and an individual’s social experiences. For 
African-American students, the image of one’s possible selves can be constrained by issues such 
as self-identity, racism, and oppression. According to Oyserman (1995), in a study that focused 
on social context, possible selves and school persistence: 
African American youths must create a positive sense of themselves and what is possible 
for themselves both as African Americans generally and as African American students 
particularly within social contexts that may define school success as acting White and 
thus perhaps not Black. (p. 1229)  
 
An individual’s sociocultural context can influence personal manifestations of possible-
selves and can reflect the extent to which one is socially determined and/or socially constrained 
(Markus, 1986; Oyserman, 1995). A recent study on group images and possible selves found that 
“adolescents define their goals primarily in terms of the stereotypical images attached to their 
ethnic group. Specifically, minority youth focused on avoiding failure defined by prevalent 
group stereotypes” (Kao, 2000). Possible selves as a framework within marginalized 
communities and particularly communities of color can serve as an instrument to better 
understand the relationship between community cultural wealth, a community anchored 
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competitive robotics program and the development of positive STEM possible selves for 
underrepresented students. 
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Chapter 3 
Methodological Approach and Research Design 
While I am framing my research with Yosso’s (2005) Community Cultural Wealth to 
provide a platform for voice and agency for African American parents and students, I have 
approached my research and data analysis using a constructionists grounded theory (CGT) 
methodology (Charmaz, 2005; Corbin, 2014; Denzin, 1994; Mills, 2006).  
[Constructivist] Grounded Theory 
 Grounded theory (GT) methodology can be understood as having a historical or 
chronological literary trail, beginning with the works of Glaser and Strauss in the 1960’s and 
continuing to this day. Along the GT literary trail is a multiplicity of epistemological positions, 
with several points of departure that are reflective of each researchers underlying ontologies 
(Mills, 2006). The later emerging theoretical frameworks of Corbin, Strauss and Charmez 
influence this study. The Corbin and Strauss (1998) evolution of grounded theory situates 
grounded theory as interpretive work that must include the voices of those being studied. The 
Charmez (2005) evolution of GT introduced a constructivist framework, which underscores the 
significance of individual knowledge creation. It situates knowledge as physically, socially and 
subjectively constructed and particularly influenced by history, social relationships and socio-
cultural knowledge structures. The “constructivist” framework in GT is not to be confused with 
“constructionist” theoretical frameworks, which also have a historical and chronological literary 
trail with a multiplicity of epistemological positions in disciplines including education, 
psychology and sociology. 
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I use the CGT methodology for this study as it encourages qualitative researchers to 
provide a platform for voice, and to incorporate the views and visions of participants lived 
experiences. Strauss and Corbin (2014) state that grounded theory is unique because “it allows 
for identification of general concepts, the development of theoretical explanations . . . and offers 
new insights into a variety of experiences and phenomena” (p. 6). In this study interviews with 
parents and students were analyzed to develop a theory that explains the experiences of African 
American parents in developing a STEM education robotics program and to highlight the 
experiences of those parents and students classified as underrepresented. By using voice to 
situate lived experience in the forefront, this study seeks to draw attention to the challenges 
confronted, strategies used, and triumphs experienced, as well as factors that impact sustaining 
an out of school STEM education robotics program. In order to explore the phenomena, this 
study addresses the following research questions:  
1. How do parents of underserved students attempt to gain access to resources and 
implement STEM programming outside of a traditional school setting?  
2. What do students get out of this out-of-school STEM education robotics program? 
Chamaz (2005) situates constructivists’ grounded theoretical analyses as interpretive 
renderings of a reality rather than objective reportings of it. This requires taking a “reflexive 
stance on ways of knowing and representing life” (p. 509). CGT provides an analytical 
framework that reminds me to emphasize the complexities of social, political, and cultural 
context by recognizing, understanding, and appreciating the contexts in which a program is 
established. Thus, a CGT methodology is significant in the examination of a program involving 
predominantly African American student participants, conceptualized and directed by African 
American parents.  
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Examining STEM education participation from the ground-up using a CGT methodology 
can provide insights that can help inform what we know about STEM participation and the 
underrepresented; highlight the tensions between STEM education ideas and STEM education 
reality; and extract from the data the latent contrasts and contradictions in STEM education 
discourse. This approach can also provide insights toward informing the future directions of 
STEM education pipeline initiates.  
Often times, those who are considered underrepresented are also perceived by outsiders 
through a deficit lens. The next section will provide an overview of deficit thinking and proposes 
that a CGT methodology can unpack these notions by allowing the underrepresented to speak for 
themselves. 
Deficit thinking. In educational discourse as it pertains to race and culture, “one of the 
most prevalent forms of contemporary racism is deficit thinking” (Yosso, 2005, p. 75). Deficit 
thinking perceives African American youth as individuals who do not value education and 
African American parents as non-supportive in the education of their children. According to 
Valencia (2014) the “deficit-thinking model, at its core . . . [posits] that the student who fails in 
school does so because of internal deficits or deficiencies. Such deficits [are attributed to] limited 
intellectual abilities, linguistic shortcomings, lack of motivation to learn and immoral behavior” 
(Valencia, 2014, p. 2). As an African American researcher and parent, I am aware that African 
American students are often marginalized within traditional schooling settings and parents and 
students are often perceived through a deficit lens. My own experiences with African American 
youth, my personal embeddedness in African American culture, and my role as an African 
American parent, researcher and educator, compel using CGT methods as an approach to allow 
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the participants perspectives to guide this study. This is intentional in an effort to interrogate the 
complexities that exist within education discourse, statistics, policy and real life experience. 
Research Design and Methods 
This study will examine the experiences of both students and parents. I used qualitative 
methods, specifically recorded interviews, observation, pictures, and video. These methods were 
used to gain a multifaceted understanding in the analysis of the participants lived experience. I 
was compelled to examine these experiences following extensive research on STEM education 
policy, research, and programming. While reviewing literature on underrepresented groups and 
STEM, it occurred to me that the underrepresented are often spoken about but rarely get to speak 
through academic discourse. Statistically we understand this group as consisting of subgroups 
such as African Americans, Latinos, and/or low-income. They are often discussed as situated on 
the wrong side of the digital divide, disconnect from the space of flows, and having limited 
access and opportunity towards participation in the digital future. However, this information 
lends very little to our understanding of their multifaceted lived experiences in gaining access 
and opportunity in STEM education. 
This study does not purport to represent all of those who are categorized as 
underrepresented in STEM; it also does not recommend that robotics is the best or only option in 
STEM education programming. This study examines one group's experience; yet, I propose that 
this one group provides insights that are significant as it pertains to those often referenced within 
the framework of the underrepresented in STEM. 
 Research site—Location and background. My research site is a competitive youth 
robotics program called “Robotica” located in Lovington (pseudonym), a small micro-urban 
community in the Midwest region. According to the United States Census, Lovington's 
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population is approximately 84,500. The racial-ethnic demographics for Lovington are 68% 
White, 16% Black, 10.5% Asian, 0.3% Native American, 0.1% Pacific Islander and 6.3% 
Latino(a). In Lovington, as of 2014, 47% of Whites, 53% of Blacks, 59% of Asians and 35% of 
Latinos live below the poverty level. The median income is $46,680 (U.S. Census, 2010). The 
city is a racially and economically segregated dual city, similar to most cities in the United 
States. The primary economic backbone of Lovington is a large community college, several 
factories, two hospitals and a prestigious university. The University in Lovington boasts it has 
produced some of the most amazing visionaries in technology. The research technology district 
connected to the university hosts more than 100 companies, employing more than 1,600 people 
in high-tech careers. At any given time more than 500 student interns are working at these 
companies. For this reason, Lovington is often referred to as the hub, or, at least, a significant 
landmark, of what is referred to as the Silicon Prairie. 
Lovington school district. The Lovington school district is comprised of 16 schools, 10 
elementary schools, three middle schools, and two high schools. The district student 
demographic is 38.7% White, 34.3% Black, 10.3% Latino, 9.7% Asian, and 0.4 Native 
American, and 58% of the students in the Lovington district live below the poverty line. White 
flight has been an increasing phenomenon in the Lovington school district over the past 15 years. 
The student demographic has shifted, increasing the number of African-American and Latino 
students substantially. 
  The site for the Robotica Robotics program is located in a business district on the west 
side of Lovington. This site is nestled off of the main road in a secluded office mall area with a 
large empty parking lot. Many of the nearby office spaces are apparently vacant. Alan Davis, a 
4H youth development educator, has invited me into the space to conduct this study. Alan is 
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enthusiastic about this study, as we share a similar interest in pipeline initiatives for K-12 STEM 
education, particularly for underrepresented students.  
The interviews and observations provided me an opportunity to get up close to a more 
refined understanding of the challenges and triumphs of one group of parents as they advocate 
for their children's access and opportunity to STEM education, specifically robotics. It also 
provided an opportunity to understand the possibilities of a robotics program through the minds 
of the parent and student participants.  
Data collection procedures. Data collection for this study was completed through 
fieldwork. During this fieldwork, I completed non-participant observations, conducted semi-
structured interviews, took photographs, and recorded video.  
Non-participant observations. For this study, I conducted non-participant observations. 
The observations took place in three locations, primarily the main research site, one community 
event, and one robotics competition. The Robotica team met at the main site on Friday evenings 
from 6 p.m. to 9 p.m. The team met 16 times during a 16-week span of time at the main site 
leading up to their first robotics competition. My observations began at the second of 16 
meetings and ended at after the team's first robotics competition. For each of my 15 visits to the 
main site, I stayed 3 hours. I also attended a community event with the robotics team and ended 
my observations in the team's first robotics competition. 
During my observation period, the Robotica program was newly formed, and the 
atmosphere was energetic and hectic. Building a "First Tech Challenge" (FTC) robot (a robot 
with metal parts rather than Lego parts) was a new experience for all of the youth participants in 
Robotica. During this active phase, I purposely wanted to stay out of the way. I only wanted to 
watch, listen, write, get to know the participants, and learn more about what was happening.  
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I came to this study with no background in robotics and no information about the 
Robotica program except that it was a competitive Robotics team created by a group of African 
American parents. Therefore, my first step in this study was to learn about every aspect of what 
was happening, including gaining a grasp of robotics jargon, acronyms, practices, people 
involved, tools, devices, and everything that was happening before my eyes. I began my study 
with a tour of the main site. Alan Davis gave me a tour of the large office space turned 
tech/engineering hub, and we spoke in-depth about robotics, space, and the team. I asked many 
questions during that tour and gained significant insights into the field of competitive youth 
robotics. During this tour, Alan Davis introduced me to two other parents, Sharon, and Claudia. 
Alan had already discussed my study with these parents, and all three (including Alan) had 
agreed to participate in this study.  
As I continued to visit each week, the parents became helpful in providing details about 
what was happening. During each site visit, I would walk from room to room. During this time, I 
often had conversations with each of the three parents (Alan, Sharon, and Claudia) who 
supported the program and the youth participants. Sometimes I spoke with them individually and 
sometimes we had conversations as a group. I considered these informal conversations. After our 
conversations, I would take notes. 
During most site visits, several activities were happening at once. I quickly learned 
competitive robotics is a fast paced activity/sport, with several components. Because I was 
unable to be in more than one place at a time, and some aspects of the programming were 
happening simultaneously, I was not able to see everything that was happening each moment of 
every visit. Therefore, I attempted to compensate by periodically asking questions and talking to 
both the parents and students. The various activities I observed included frequent directional 
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meetings, conversations, robot building, and a robotics competition. Research, supply research, 
and purchases, the organization of robot parts, reading manuals, robot building, electrical wiring, 
robot programming using JavaScript, poster board designing, competition road-trip planning, 
discussions around white board organization charts, and the interplay of students, parents, and 
volunteers. 
The volunteers are students from the college of engineering at the local university. It is 
not always the same group of people each visit. One day there were eight volunteers, not 
including parents. Most visits, three to four volunteers were on site, working in tandem with the 
youth and parents. 
The next section is a visual display of the images with descriptions that I captured during 
my Robotica observations. 
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Figure 5. Alan Davis created a flip chart outline for the team on how to think through a robot 
design using NASA’s engineering design process. 
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Figure 6. Alan Davis and a volunteer discuss with 12-year-old Michael about how teams are 
awarded points for a First Tech Challenge robotics competition. 
 
 
Figure 7. A volunteer works with 12-year-old Eric and another Robotica participant on learning 
JavaScript. This program will operate the robot based on what they want it to do. 
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Figure 8. Twelve-year-olds Chyna and Sydney work on the robot together, assembling the joints 
and attaching the arm. 
 
 
Figure 9. One volunteer reads the robot manual while another volunteer instructs Collin on how 
to make connects between his nuts, bolts, screws and robot parts. 
 
44 
 
Figure 10. Volunteers and youth participants working together in separate groups focused on 
different parts of the robot. 
 
 
Figure 11. Youth participants are designing a Robotica team poster for an event where they will 
be presenting their completed robot to the Mayor of Lovington. 
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Figure 12. Youth participants and volunteers are preparing for the upcoming competition and 
playing around. 
 
 
Figure 13. Volunteers and youth participants are working together to complete the robot wiring 
in time for the upcoming competition. 
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Figure 14. Alan Davis leads the discussion in with youth participatipants, parents and volunteers. 
He is providing details for the upoming competetion and helping the team think through winning 
team strategies for earning points. 
 
 
Figure 15. Volunteers working with members of the Robotica team, helping them think through 
the programming of the robot and what it needs to accomplish for the upcoming competition. 
 
Table 1 
 
Participant Observation Hours 
 
 
Robotica 
main site Community event 
FTC Robotics 
competition 
Number of 
observations 15 1 1 
    
Number of hours 45 2 5 
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Grounded theory encouraged me to begin the analysis of my data while in the process of 
data collection (Corbin, 2014). Thus, I began my analysis the first visit and continued to visit my 
data throughout the next 15 weeks.  
Participant interviews. After 16 weeks of robot building and programming, the team 
attended their first robotics competition. Then, directly following the first competition, the team 
took a 2-week break. After returning from the 2-week break, I learned Robotica meetings had 
changed locations. This new location was larger and had more available work and office space. 
This was the location where I conducted my interviews. 
I conducted semi-structured interviews with four parents and five middle school 
participants. All interviews were digitally recorded. I also met with Alan Davis in his office to 
record additional conversations. I did this because I knew very little about Robotics and the 
Robotica program. I refer to them as conversations because these were moments where Alan 
Davis did most of the talking and provided full context for the program.  
It was my original intent to interview the program volunteers. However, time did not 
allow for that to happen. 
I came to this study knowing very little about the practice of robotics or the affiliated 
regional and state competitions. I was aware that robotics is growing in popularity. I also knew 
robotics was one of a wide variety of STEM education tools recognized as significant in the 
advancement of STEM education imperatives. I was also aware that access to quality robotics 
programming locally was limited, scarce, and expensive.  
I chose the parents to interview based on their regular attendance and involvement in 
Robotica, with one exception. Aaron was not regularly involved in the program but did stop by 
on a few occasions. All of the parents interviewed in this study are African American and have 
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children who participate in Robotica. I did not know any of them personally when this study 
began. I was able to collect demographic information on all parents except one. One parent 
declined to provide that information. 
Table 2 
Parent Participants 
 Parent Gender Age Marital status 
Educational 
attainment Employed 
# of 
children 
Alan Male 39 Married Master’s Yes 5 
Claudia Female n/a n/a n/a n/a n/a 
Sharon Female 48 Married Medical Doctorate Self 1 
Charles Male 36 Married Bachelor’s Yes 2 
 
I chose the students to interview based on their membership in Robotica and the 
availability of their parents to approve their participation in my study. All Robotica team 
members except one participated in interviews. The student participants or “Robotica” team 
members consist of six middle school level students—four males and two females. Two of the 
students attend a local private school and four attend school in the Lovington school district. 
Four of the students are African American, one is bi-racial, and one is White. The student I did 
not interview was White. 
Table 3  
Youth Robotica Participants  
Member Gender Age Race ethnicity Grade level Parent participant 
Chyna Female 12 Black 7th Sharon 
Sydney Female 12 Bi-racial 7th Non-participant 
Eric Male 12 Black 7th Claudia 
Collin Male 13 Black 8th Alan 
Michael Male 12 Black 7th Aaron 
Mark Male 12 White 8th Non-participant 
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All student interviews took place at the main site (the new main site) during regular 
Robotica team meetings. The students were once again very busy prepping for an upcoming 
competition; therefore, gaining access to students for interviews was more difficult than I 
anticipated. I did not want to disrupt the process, so I did not conduct interviews until Alan Davis 
said the timing was right. The duration of the interviews with the students was 20 to 30 minutes. 
Some students talked more than others. All of the students I interviewed were pleasant and 
jovial.  
Pseudonyms. Each participant's identity is protected by the use of pseudonyms. I 
purposefully omitted any information that could identify any of the participants, organizations, or 
locations involved in this study. This was to ensure confidentiality and anonymity.  
Interview questions. The interview questions for this study were carefully constructed 
and open-ended. In collaboration with Alan Davis, we constructed open questions for both the 
parents and students to elicit the most detailed responses. There were 32 questions for the parents 
(Appendix A) and 17 questions for the youth participants (Appendix B).  
Pictures as representation. Pictures were taken during most of my 14 site visits. 
Consent forms allowing participants an opportunity to either accept or decline being 
photographed during this study were signed by parents. In total, I took approximately 100 
photos. I included photographs in this dissertation because the Robotica program had nuances 
that may be difficult to interpret, particularly for those who are unfamiliar with robotics. I used 
this imagery to provide a more authentic representation of the text data. A video was used to 
record the events of the Robotica team's first FRC competition. I recorded video to provide a 
visual representation of robotics in action and to capture the energy of the environment. 
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Role of researcher. I locate myself in this study as an African American mother with a 
daughter who enjoys many aspects of STEM education; her curious nature and artistic gifts have 
lead her interests in STEM related areas. However, during her middle and high school years, 
finding quality affordable STEM education activities outside of school was in the least, difficult, 
and finding them inside of schools was even more complicated.  
Through my own experience with other parents, schools, and as a community informatics 
practitioner in the local community, I have learned that many African American parents do not 
understand the meaning of STEM education, why it is significant, or how/why to access it 
outside of a traditional classroom. Because of my background from a working-class family and 
being First Generation College, I am aware that the historical context of African American 
families situates many on the “other” side of the dual city. Theses are areas of the city where 
access to quality schools, quality teachers, quality programs, and STEM education resources is 
deficient. I am also aware that some individuals have more access to STEM education 
opportunities outside of school than others. A CGT approach offers an alternative, systematic 
approach to “social justice inquiry that fosters integrating subjective experience with social 
conditions” (Charmez, 2005, p. 510) as part of the analyses. This approach is significant to this 
particular study because it provides a narrative from those often researched and analyzed, yet left 
out of the discussion. 
Researcher approach. I approached this study understanding that STEM education is on 
the forefront of the nations policy agenda. African Americans are underrepresented in the STEM 
education pipeline K-16 and career fields; and increasing STEM interest and participation is 
linked to access and opportunity. STEM education focused research and discourse currently 
explores the connections between early exposure, socioeconomic issues, teacher quality, and 
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cultural relevance as they all relate to advancing the STEM education agenda; yet the 
perspectives of the actual targets of concern (i.e. African American students and parents), are 
narrowly understood. Because most studies conducted by schools, universities, or organization 
focus on quantitative outcomes related to STEM discipline and career participation for 
underrepresented students, we know very little about the experiences and perspectives of those 
actually underrepresented in STEM. We know the underrepresented in STEM is a marginalized 
group that is often mentioned; yet rarely heard from. Rarely do we hear their voices and stories 
as a personal account of their experience. Because CGT highlights integrating subjective 
experience with social conditions as a component of analyses (Charmaz, 2005), it will allow me 
highlight a part of STEM education that has been traditionally left out of the STEM education 
discussion.  
Data analysis method. My data analysis began during my first observation and 
continued throughout the transcription of my interviews. My analytic strategy was using constant 
comparison watching, asking questions, and engaging in conversation. During my constant 
comparison many patterns began to emerge. As patterns emerged, I wrote them down in my 
journal. As I transcribed my interviews, common patterns emerged as well. I combined these 
patterns using ATLASti for analysis. The themes that emerged reminded me of concepts related 
to social justice in CGT (Charmaz, 2005). Social justice in Constructive Grounded Theory means 
discovering contradictions between “rhetoric and realities” (p. 362) and understanding the 
realities of the “tacit, liminal and the marginal that otherwise might remain unseen and ignored” 
(p. 362). Often referring back to my primary research question “How do parents of underserved 
students attempt to gain access to resources and implement STEM programming outside of a 
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traditional school setting?” My analysis directly addresses these contradictions as it addresses the 
research question.  
An important component of addressing my research questions was the voices of the 
parents. Their voices told a story that was relevant, enlightening, and important. Every detail 
extracted from my interviews and observations is not included in the following story. The 
intention of the following story is to provide a framework for understanding the program, the 
field of robotics, and the findings. 
 
53 
Chapter 4 
Robotica and the Underrepresented—A True Story 
A mutual friend told me about Alan Davis and Robotica. I contacted Mr. Davis over the 
summer of 2015 about conducting a research study centered on his recently established robotics 
program. He invited me to the site and he was eager to introduce me to two of the parents who 
were regularly on-site with him. Upon arrival, it was apparent I had entered a large office space 
transformed into a robotics lab. Alan Davis offered to provide me with a tour of the space. 
Before my tour began, Alan introduced me to Claudia and Sharon. Claudia’s son and Sharon’s 
daughter were both Robotica team members, and Sharon was the team “coach.” I observed that 
the Robotica team seemed to be contained in a smaller room within this large office space. Some 
of the students were sitting on floor mats inside of an enclosed 10’ x 10’ working space with 1’ 
high railings. This space is called the arena. The room was small and the arena covered 
approximately 80% of the floor space. There were three youths, two girls and a boy, sitting 
inside of the arena on the floor mats, with a sizable stack of small plastics bags containing robot 
parts piled nearby; They were sorting and separating the bags, then organizing them into small 
plastic cabinets. I noticed the girls were working together in the arena and the boys were working 
together, but separate from each other. Michael would regularly float back and forth between 
both groups.  
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Figure 16. The team has received the parts for the robot. These are small plastics bags containing 
robot parts and plastic organizational trays for sorting and organizing the parts. 
 
 
Figure 17. Two Robotica team members, open small bags containing robot parts, cut out the 
labels and stick them to the plastic trays in an effort to keep the parts organized and identifiable. 
 
As I waited for Alan Davis to join me, he suggested I could look around the larger space. 
I left the small room momentarily to walk around the large vacant office space alone. The space 
had no other people inside, except for the six Robotica team members in the smaller side room, 
Mr. Davis, and two female parents. As I walked around the office space, it had the appearance of 
organized chaos. I saw computers, a large amount of robotics equipment all around, shelves, 
electric saws atop cutting tables, tools and metal robot parts strewn about the floor, and a variety 
of electronic circuitry. On the walls in several locations, including the kitchen space, the small 
side room and the larger room, I saw whiteboards and flip charts with diagrams and information. 
I noticed two very large robot frames sitting in the adjacent dimly lit large room. Both frames 
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looked as if someone had been working on them. These two larger robot frames stood 
approximately five feet tall. I did not know why they were there. They apparently didn’t belong 
to the Robotica team. I assumed this was a shared space. 
 
Figure 18. Two large robot frames in large room adjacent to the Robotica space. High school 
students who work at the facility on alternating days are constructing these frames. These frames 
do not belong to the Robotica team. 
 
As Alan Davis provided a tour of facilities, he confirmed my assumption and explained 
that several robotics teams had access to this large secluded office space on the west side of 
Lovington. He explained that the owner had donated the space to other robotics teams, and the 
teams occupying the space had offered Robotica an opportunity to share the space as well. After 
the tour, I got to know Mr. Davis, his positive energy, background, vision, and purpose. 
Alan Davis (Pseudonym)—Parent #1 
Alan Davis is a local university affiliate in the position of youth development educator 
for a large, statewide, youth development university program called Youth Outreach Alternatives 
(YOA). As Mr. Davis talks about his background and vision, he is knowledgeable, self-
confident, enthusiastic, and driven.  
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YOA is a large state and federally funded university community outreach program 
serving youth 8 to 18 and impacting the lives of 200,000 youth each year through learning clubs, 
groups, and short-term programs. Alan has lived in Lovington for 3 years and originates from a 
large urban city on the east coast. Alan has an extensive background in youth development. 
Before he came to Lovington, Alan already had 15 years of experience in urban youth 
development programming at a program called After School Lights (ASL). As director of 
programs, ASL grew from serving 30 youth participants to 180 youth participants every day in 
two separate locations. Then, Alan says, his organization was provided access to a school and the 
program grew even more: 
We were given a rec center connected to a school. And we embarked on a Community 
Schools project. In a community school, the school becomes the hub of the community. 
The city did that on a community wide level - so more than just during the school day, 
the building is open outside of that. Evenings, weekends, not just to serve youth as an 
afterschool program, to serve their parents and other adults. It’s open and welcoming—
we were a part of launching that in the city.  
 
Alan says doing that work taught him a lot about partnerships, “about how to leverage our 
work.” Alan says he learned a lot about best practices with regard to engaging youth in what he 
refers to as, non-traditional ways, or programs outside of the formal setting—what Alan calls 
“robust programming.” He’s adamant, “it was not just day care . . . we had engineering, STEM, 
Arts, and all kinds of stuff . . . [so] coming here [to Lovington], I’m pulling a lot from that 
experience.” Arriving to Lovington and becoming a youth development educator for YOA was 
directly in line with Alan’s vision for youth programming. According to Alan, YOA was doing 
the kind of work that resonated with him.  
It’s learn by doing, hands on learning, we use the experiential learning cycle within 
YOA. it’s about education in an informal setting that gives the power to young people. 
Where in a YOA club, youth are the decision makers. And adults are partnering with 
youth as guides and as supporters but it’s the youth that should be running what that 
group is about.  
57 
When Alan arrived to Lovington and began work with Youth Outreach Alternatives, he 
says he was excited because there were robotics clubs already in place around the local area. 
However, he quickly noticed the underrepresented were truly underrepresented. 
When I first got here [to YOA] there was a robotics club already in place here, about 20 
to 30 kids deep, maybe one black kid. You did not see us represented; you did not see 
black and brown youth represented. 
 
Alan noticed that most of the youth participating in robotics were from private schools and 
schools for the gifted and talented. Mr. Davis made it his mission to change the demographic of 
local robotics, “I wanted to get the kids in the city involved in robotics and particularly the black 
and brown kids who don’t normally have access to this kind of experience. So, what I did was I 
started at the novice level, the First Lego League.” 
 First ® Lego League (FLL) is a large complex organization of adults and youth who 
engage in teams of youth competitive robotics. FLL competitive robotics is divided into three 
levels. In the next section I will provide an overview of the established FLL organization, levels, 
and activities. I provide this information here, as it is significant in understanding vastness of the 
field of competitive robotics worldwide. Following a brief context on the First Lego League 
organization, I provide pictures of the various levels and styles of competitive robots. Following 
this picture display, the Alan Davis story will be continued. 
First ® Lego League  
The FIRST® Lego League (FLL) is an organization that hosts more than 233,000 
participants, 29,000 teams, 29,000 robots, and 1350 events in 80 countries, including France, 
Brazil, Zimbabwe, and Spain. Guided by adult coaches, FLL teams research real world problems 
and are challenged to find solutions. They must design, build, program a robot using LEGO 
MINDSTORMS® technology, then compete on a tabletop playing field. It engages STEM 
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concepts, critical thinking, and team building skills. During competitions they must present their 
solutions and creativity, while practicing the program’s signature core values ("First Lego 
League," 2016).  
The FIRST® Tech Challenge (FTC) evolved from the need to give the teams from the 
FIRST LEGO League prospects. FTC has developed into an international robotics program. 
Youth aged 14 to 20 years build and program a robot in a team and compete against each other. 
During the preparation period, the youth work as real engineers—they plan, build, program and 
document the team. They refine their problem-solving, creative, organizational, and social skills.  
The FIRST® Robotics Competition (FRC) is the most advanced level for youth aged 14+ 
and considered a combination of the rigors of engineering, science and technology, and sports. 
Under strict rules, limited resources, and time limits, teams of 25 students or more are challenged 
to raise funds, design a team "brand," hone teamwork skills, and build and program robots to 
perform prescribed tasks against competitors. It’s as close to real-world engineering as a student 
can get. Volunteer professional mentors lend their time and talents to each team. 
Table 4 
Robotics Levels 
Standard Robotics Leagues Recommended age level Characteristics 
   
First Lego League (FLL) 
(Figure D)  
Can begin as early as 5 
years old 
Plastic Lego robot parts. Novice  
(small parts) 
   
First Tech Challenge (FTC) 
(Figure E) 
Typically can begin at 12 
(follows FLL) 
Metal TEXTRIX robot parts. 
Advanced Beginner 
(small parts) 
   
First Robotics Competition (FRC) 
(Figure F) 
Typically begins in high 
school 
(follows FTC) 
Metal TEXTRIX robot parts 
Competent, Proficient, Expert 
(large parts) 
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Figure 19. First Lego League (FLL) sample robot designs. 
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Figure 20. First Tech Challenge (FTC) sample robot designs. 
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Figure 21. First Robotics Competition (FRC) sample robot designs. 
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Alan Davis—Parent #1 (Continued) 
During Alan Davis's first 2 years at YOA, the organization was partnering with local FLL 
robotics clubs providing volunteers and other resource assistance. Alan wanted to get more 
"Black and Brown" students involved. Although YOA had already established FLL teams, which 
were hosted in elementary schools, middle schools, and through private organizations, Alan felt 
it was time for YOA to advance to the next level of robotics. Alan says that African American 
children from low-income homes and those from more affluent home had different perspectives 
on Lego robotics. Alan had learned this from his past experiences of working with low-income 
African-American youth in the city. Alan says youth from low-income backgrounds, such as 
himself, only experience Legos as a toy for babies. The more expensive Lego robot kits are 
unaffordable for these families. 
What I saw was that kids who were in the cities and who were coming up low income, 
saw Lego and heard the word Lego, and automatically associated it with something that 
babies do . . . there was no interest. So when I said “hey you guys wanna do Lego 
robotics,” they look at me kinda funny like why would I build a robot out of Legos? You 
don’t even do that with Legos . . . kids that were from more affluent homes knew about 
the expensive Legos because they had them in their homes, so when you said Lego 
robotics they were all in it 
 
Alan Davis also says he noticed the youth who were willing actually to join the Lego 
robotics team were unable to connect the plastic pieces to the real world. Alan noticed the 
perception of the Lego robot was “yeah that kinda looks cool, but what would be really cool 
would be to make a robot out of metal.” Alan says this is because mentally it is more authentic to 
youth who see cars, tractors, and gears made out of metal in real life. 
Alan continued to support FLL for another year; during that year he put together a 
diverse team of middle school youth, which included his son Collin and Sharon's daughter 
Chyna. When this "black and brown" FLL team arrived at their first FLL competition, Alan says 
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he noticed only one other African American male out of approximately 15 other teams 
containing four to eight members. “There were all girls clubs; there were all Asian clubs, White 
clubs but there weren't any clubs that had the mix we had.” It was during this conversation that I 
learned Sharon's daughter, Chyna, was also a part of this middle school FLL team. I also learned 
that Chyna was diagnosed as Dyslexic. Dyslexia is a cognitive disorder primarily associated with 
trouble reading. But it can also affect writing, spelling, and even speech. I also learned Chyna 
had begun building robots since the age of 5. According to Alan, the kids on this FLL team were 
not necessarily considered gifted in traditional ways: 
they were at all ends of the spectrum regarding academic performance. Not . . . your high 
performing kids, but they were all . . . creative, they all exhibited . . . elements of 
giftedness in their way . . . they were tactile, they were builders, or they were into art and 
stuff like that. 
 
As the team progressed throughout the year, Alan says he noticed several of the older 
middle school students were dissatisfied with the Lego's.  
They enjoyed themselves, but they weren’t quite satisfied. There was something missing. 
And so we asked them . . . what’s the part about it that you don’t quite like and invariably 
the commentary was, they wanted to do something more serious, more significant, they 
wanted to build with metal. (Alan laughs) 
 
During that school year, the middle school FLL team attended a FLL robotics competition 
sponsored by YOA. At this event, they noticed a group of youth demonstrating an FRC robot 
(made of metal). According to Alan Davis, 
Chyna and some of the others that were a part of the FLL team came and looked at that 
robot and said yep, that’s the kind of robot I want to build . . . that robot had Mecanum 
wheels that allowed it to move sideways, side to side, front to back; that robot was 
controlled manually with controllers that kids wanted to get their hands on. 
 
After the school year ended, Sharon and Alan ran into each other at another robotics 
meeting and at the request of 12-year-old Chyna, decided to partner create an FTC team with 
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support from YOA. Both Alan and Sharon admit they knew very little about FTC competitive 
robotics, so they researched FTC robotics over the summer and attended events to learn more. 
During this same time, Eric's mother Claudia and Alan met at a local technology event. 
Alan Davis met 13-year-old Eric and learned that he was interested in programming and had 
experience in youth computer programming (coding) camps. Alan explained to Eric that he was 
starting a new robotics team that had a programming component requiring the use of JavaScript. 
Alan invited Eric to join the newly established Robotica team; Eric was interested. As a result, 
Alan, Sharon, and Claudia met at YOA to begin planning for the new FTC team. At this time, 
Alan did not believe his son, Collin, would be interested in the new FTC team. Collin's mother 
(Alan's wife) had told Alan that Collin said he only participated in the FLL team because he 
didn't want to disappoint his dad. Alan did not wish to force Collin to participate, but Chyna 
insisted that her friend Collin come to the first meeting, so he came. Alan says during the 
meeting 
Collin kept asking questions like . . . does this involve Lego pieces? And they [said] “no,” 
he was like “cool.” Do we get to control this robot? They were like “yes” . . . [Collin 
said] “Okay cool . . done!” So little by little he’s been getting involved . . . when we 
talked about how much freedom they would have as the builders, he got into it . . . he 
came away from the meeting saying, “oh okay,” this is very different from the Lego stuff, 
I like this, I’ll keep coming back.  
 
Alan convinced the new robotics team to create a Google community as a way for them to have 
control of the communication rather than the adults. He also wanted the team to use the Google 
community to communicate with each other.  
We invited everybody to [the Google community] and made the parents moderators . . . 
anyone can post . . . we invited the kids to start recording their information, ideas and 
thoughts, take pictures of what they do in their meetings then post it up on their Google 
community. And I would keep the communication going as well. And now and then I 
would go on there and say “hey looking forward to seeing you guys” or whatever . . . 
they are kinda warming up to that idea. 
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Alan admits that keeping up with posts on the Google community is a work in progress, but he's 
optimistic that at some point the idea will eventually catch on. 
Charles (Pseudonym)—Parent #2 
Charles, 12-year-old Michael's father, is 36 years old, holds a Bachelor's degree and 
works full time for a local food distribution company. Charles says Michael has been interested 
in Lego robotics for quite some time. Charles and his family were new to Lovington and looking 
for robotics programs for Michael; they were told YOA may have robotics programming that 
would interest him. Charles came to the YOA office and was introduced to Alan Davis. Alan 
invited Charles and Michael to the first FTC robotics meeting with Sharon and Claudia.  
When I went to the first meeting, Chyna’s mom was there at that meeting, and she 
explained that she was starting her group, and it was around Michael’s age, and then we 
got Michael plugged into that group. Which was Robotica.  
Charles says Robotica is great exposure for Michael "who wants to go into engineering . . 
. that why we were so happy to get him plugged in . . . he's excited about it, he loves it." While 
Charles is enthusiastic about Michael's participation in Robotica and makes sure he attends all 
meetings, he does not participate in the planning, development, and implementation of Robotica. 
Sharon (Pseudonym)—Parent #3 
Sharon is a 48-year-old retired medical doctor who says she left the medical field by 
choice and is now self-employed. Sharon is also 12-year-old Chyna's mother and the "Coach" for 
Robotica. 
Sharon says Chyna has been interested in robotics since her elementary school years and 
has participated in numerous robotics summer camps. While Sharon was very vested in her 
daughter’s interest in robotics, she admits that she knew very little about the field of youth 
competitive robotics at this time. Over the previous summer, Sharon came across a flyer 
regarding a FLL competition. They had never experienced FLL competitive robotics and were 
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both curious. They decided to go see for themselves. After seeing friends at the competition and 
experiencing the excitement, Chyna was hooked.  
[At the competition] we saw some members of our church . . . we saw another girl who 
my daughter did Taekwondo with . . . We talked to parents, we stayed all day, it was the 
coolest thing ever and my daughter . . . said she wanted to participate 
The next day Sharon started calling all of the parents of the kids who were doing robotics. 
Everyone of them told Sharon the teams were closed. 
I started calling around to the parents of the kids that we knew. But all of there teams 
were closed . . . So my daughter said, can we start a team? And I said, well, I’ll look into 
that. 
Sharon went home, got on her computer and began researching information on how to 
start a youth robotics team. She learned she needed a coach, mentors, a space, robot supplies, and 
building tools. She hoped maybe a local organization called Kids Korner, which had been 
hosting non-competitive youth robotics activities, might be interested in partnering and hosting a 
competitive team. Sharon attend a Kids Korner robotics parent meeting and pitched her idea to 
the other parents and the staff at Kid’s Korner. It didn’t quite workout. Several of the parents 
who attended the meeting were not interested in competitive robotics; however, some of them 
were, and one of them was Alan Davis who attended the same meeting that day. After the Kids 
Korner meeting, Sharon and Alan and a few other parents began a conversation about starting a 
competitive robotics team. 
That’s where I met Alan . . . and basically from there we started putting things together. 
And we ended up forming a team an FLL team from there. We competed the kids did 
great; they won the rookie team award. It was an awesome experience  
Sharon says after Chyna’s experience with FLL she was eager to do more. During one of her 
FLL competitions, Chyna witnessed a FTC robot demonstration and wanted an opportunity to 
work on a more advanced FTC robot. Chyna was 12 years old and finally qualified to participate 
in FTC competitive robotics 
67 
That [FLL] is much more . . . based on your project. My daughter was much more into 
building the robot and determining what the robot was going to do . . . not so much on the 
project side of things . . . that lead to her desire to do FTC, so again I talked to parents 
and invited the kids we thought would make a good team . . . [Chyna was] old enough to 
join FTC . . . we . . . made a call out and filled the team by word of mouth.  
Sharon and Alan joined forces shortly thereafter to launch Robotica in the fall of 2015. 
Claudia (Pseudonym)—Parent #4 
Claudia preferred not to share her personal demographics in this study. Claudia is 12-
year-old Eric’s mother. During her interview, Claudia shares that Eric, similar to Chyna, has 
been diagnosed as dyslexic. During her interview Claudia refers to Eric as twice exceptional. I 
ask her what this means 
Fourth grade is that time where you transition from learning to read, to reading for 
learning, because you are reading information that you need to express back. Eric wasn’t 
doing well, particularly when it came to writing. A lot of kids would be done in 20 
minutes; Eric would still be sitting there. I knew he was bright, I didn’t understand this 
twice exceptional thing . . . I went and got him assessed . . . the doctor told me he was 
likely dyslexic. Then it was a matter of trying to get caught up; he missed that 
introductory writing phase. We’ve kinda caught up, but it’s something that is always 
going to be at a deficit. That whole issue of having to deal with the school district . . . 
because they don’t recognize dyslexia for special education services . . . I think many 
African American males may be undiagnosed dyslexic . . . simply because they are 
incredibly bright. 
I realize now that two of children involved in Robotica are diagnosed Dyslexic. Claudia 
continued on to explain that Eric had a little bit of past experience with FLL, but according to 
Claudia, local participation in FLL is complicated 
There were parents who came together at Eric’s school to put together a robotics team the 
year Eric’s school didn’t sponsor it . . . [however] If you don’t have a space to be . . . if 
you don’t have the equipment, including the table and stuff like that, it’s not just about he 
robot, but supporting peripherals . . . somebody gotta know how to program the robot. 
Even though the kids do some work related to it, you really have to have an adult parent 
or graduate student coach or something, who knows how to do programming in whatever 
language, to facilitate making the robot work and competing, then there’s the fees for 
having to register . . . then also finding the time to come together as a team, practicing for 
the competition, and then putting together the submissions that have to go in, every year, 
each and every tournament . . . money, the time, we were fortunate that most of the 
parents in the gifted program were of higher socio-economic status . . . they [have] 
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houses with . . . basements where they can set up the tables and buy the robot and do all 
of that . . . but if you are not in those circles, you’re kinda ass out. If you’re not in those 
circles and you’re not invited to be a part of . . . you know. 
 
Claudia says, during the summer of 2015 she was searching for “things for Eric to do 
inexpensively,” and came across a YOA flyer regarding youth robotics. Claudia decided to stop 
by the YOA office. This is where she met Alan Davis.  
I found out about Robotica through Alan Davis. I was looking for things for Eric to do 
inexpensively. Saw a flyer . . . and came to the office to sign up my son and spoke with 
Alan Davis. I worked for the university so I recognized his name 
Eric is currently a member of the Robotica FTC robotics team. 
Conclusion 
The story of “how” and “why” the parents established Robotica derives from the 
perspectives of the parents during interviews. The story of these parents is significant to this 
research study because it tells several stories about the pursuit of STEM education from the 
perspective of those classified as the underrepresented. This is important, because while the 
underrepresented are often mentioned as groups of marginalized people, the group is has more 
dimensions than the categorization may infer. Their words, backgrounds, experiences and 
determination provides us with a context for understanding how some of the underrepresented 
think about, gain access, and experience STEM education. It provides a reference for recognizing 
the implications of Community Informatics theory and practice (Bishop, 2004; Wolske, 2008), in 
STEM education. It also provides insights into the realities of the Dual City (Castells, 1998), the 
actors, how they navigate through barriers and eventually find a place of their own. While this 
story does not contain all of the interview data, I carefully selected quotes, storylines and data 
that I interpreted to be informative about the making of Robotica.  
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Chapter 5 
Parent and Youth Findings 
The findings for this study contain both intended outcomes and unintended outcomes. 
The intended outcomes of this study are those outcomes that were anticipated based on my initial 
research question, “How do parents of underserved students attempt to gain access to resources 
and implement STEM programming outside of a traditional school setting?” The unintended 
outcomes emerged in the details of the stories told by both parents and Robotica team members.  
In chapters 5 and 6, I will share some of the interview data and discuss the data findings 
in greater detail. I do this by examining both the parent and student narratives in light of 
Community Cultural Wealth, with concepts of bridging and bonding social capital and STEM 
possible selves. First, I present some of the significant parent narratives, then significant student 
narratives, and finally provide an in-depth discussion of the findings. The perspectives and 
personal narratives of this unique population will serve to further the scholarly literature on 
STEM education, STEM pipeline initiatives and the underrepresented in STEM. 
Parent Findings: The STEM Education Struggle Is Real 
When I began this study, I knew the parents of Robotica had already gained some level of 
access to resources to start the Robotica program. I wanted to understand more about each of the 
parents, their children, and their STEM education journey. I wanted to highlight the perspectives 
of a group underrepresented in STEM. While I did not know much about robotics, I knew that 
creating a competitive youth robotics team would not be easy. I know gaining access to 
necessary resources for robotics programming can be difficult. Thus, I wanted to know what 
drives these parents, how they think about STEM education, and how and why they created 
Robotica. 
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 Bridging and bonding social capital: Easier said than done.  
It means crashing office buildings to hunt down student organizations, it means going to 
the university research district and just knocking on doors and saying hey, here we are! 
Because we don’t know anybody there. ~ Alan Davis 
 
All four parents interviewed for this study (Alan, Sharon, Claudia, and Charles) were 
proactive in finding STEM education opportunities for their children during their primary and 
secondary years. They proactively sought out these opportunities at their child’s school, and 
sought out STEM programs and camps outside of school.  
All four parents indicated some level of interested in STEM programming outside of 
school that could deliver a high quality of hands-on engagement to their child. The three main 
parents that were instrumental in the development and maintenance of Robotica (Alan, Sharon, 
and Claudia) each contributed a significant amount of time and energy, in different ways, toward 
gaining access to resources in support of Robotica. The primary needs were supplies, space, and 
skilled mentors. Each of these parents was willing to explore the unknown and push through 
barriers in an effort to gain access and opportunity. All three admit initiating and sustaining a 
competitive youth robotics team is complex and daunting at times. Gaining access to resources 
requires a significant amount of teamwork and determination. As these parents persevere, they 
are also aware that race, gender, and socio-economic status has historically influenced STEM 
interest and participation. In this section, the narratives of the parents evoke the concept of 
STEM social capital. 
 Alan Davis discusses his experiences in reaching out to institutions, organizations and 
companies in the local community in search of support for Robotica. 
We have to beat the streets . . . we have to think about where can we find 
[mentors/volunteers] who are technically inclined, who may have something in common 
with our kids . . . we know the [STEM] field is already dominated by white men in 
engineering roles, so going to the workforce to find an engineering volunteer would mean 
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bringing someone in here that our kids don’t relate to. They may have the technical 
expertise, but they can’t relate to the youth. So we go to the university and say well, if we 
can’t find youth of color at least we can find people who are young and a little closer to 
what our young people can relate to . . . it means crashing office buildings to hunt down 
student organizations, it means going to the [university research district] and just 
knocking on doors and saying hey, here we are! Because we don’t know anybody there.  
 
Claudia discusses her experience in reaching out to institutions, organizations and companies in 
the local community in search of support for Robotica  
We went to the community organizations to ask for donations. We went to the school of 
engineering, you know the university claims to be so supportive of STEM, we were like 
okay, we need some money for our team, here’s some underrepresented kids who are 
trying to do something, where’s the money to support their efforts? So of course we 
didn’t have much luck in terms of inquiring anything through the school of engineering, 
but we also went to [the university research district], which is also a public private 
endeavor supported by the university. A lot of STEM companies there. There was limited 
access in trying to get into the facilities; it wasn’t very welcoming to the community. If 
you could get in the building, because many of the buildings were key pass only, there 
was no way to contact anybody on the inside, to be able to come in . . . we’re talking 
about public companies. Were talking about major corporations are located on campus 
and they hire student interns . . . private companies on public property, benefiting from 
taxpayer dollars, but not accessible to the community. We went to a medical robotics 
company a private company on public property and asked about their community 
outreach and they said “we don’t do community outreach.” I said Okay. That was the rule 
rather than the exception. 
 
Sharon discusses her experiences in searching for a robotics team for her daughter Chyna. 
She explains how she ultimately initiated Robotica in partnership with Alan Davis and became 
the team coach 
I started calling around to the parents of the kids that we knew. But all of their teams 
were closed and it was too late in the season to start a team at that point. So my daughter 
[Chyna] said, can we start a team? And I said, well, I’ll look into that. So I went to the 
website and I looked up how to start a team realizing we needed a coach, we needed 
some mentors, we needed a space etcetera . . . [approaching a former mentor/coach] 
Chyna said “I’m starting a team will you be our coach?” and he said yeah sure. But it 
turned out that Paul’s schedule was too great and he would not be able to be the coach so 
in order for things to go forward, I had to be the coach . . . First and foremost we formed 
a club, we found members for that club, then before we knew it, the season had started 
and it was off and running and we were signing up for competitions. And that was all 
occurring before we even had equipment . . . we needed more money, we needed more 
time. And then when the equipment came, we then had to learn how to use the 
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equipment. All of that we’ve done on our own, we haven’t had anyone to walk us through 
the steps and the pitfalls, as well as give us insight so we could be more successful. It’s 
all learning on the job. 
 
 Discussions of race, class and gender in STEM education.  
 
Historically speaking, women and minorities have always been seen as not being . . . 
good enough to even be in these [STEM] classes and clubs...and so it’s important to me 
that we show these kids that they CAN compete and can be quite successful. ~ Sharon 
 
Each of these parents has an understanding about the future and prospects of STEM 
education. All four parents (Alan, Charles, Sharon, and Claudia) were particularly conscious 
about STEM education disparities in their own unique way. This consciousness about STEM 
education disparities was shaped by both their personal experiences, observations, and education 
literature. This consciousness about disparities included both racial, socio-economic, and gender 
disparities in STEM education and career fields. For those parents who mentioned race and 
gender, the disparities they emphasized the most were along the lines of their own child’s race 
and gender. Charles, father of 12-year-old Michael, was the only parent that didn’t seem to be 
clear on the meaning of the STEM acronym, saying “I think it’s really important, it deals with 
technology right?” Yet, Charles did convey a consciousness about STEM education and African 
American males after I defined the STEM acronym. Claudia in particular, whose 12-year-old 
son, Eric, participates in Robotica, placed emphasis on African American males and countering 
what she considers a culture of anti-intellectualism and hyper-masculinity among African 
American males. Then, Sharon, the mother of 12-year-old Chyna, placed more emphasis on 
gender disparities that concern females, particularly African American females. Alan placed 
emphasis on socio-economic disparities for all children, which was most likely influenced by his 
background in urban youth development. Based on this knowledge, each of the parents involved 
in this study worked diligently, in their own way, to connect their children and sometimes other 
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people’s children to hands-on STEM education opportunities, and particularly robotics. All four 
African American parents included in this study contributed to these findings. 
Sharon shares her perspectives on the importance of STEM education and the deficit 
view of women and minorities 
[STEM education] should be the highest priority. Because technology is taking over the 
world. Everything that we do, see, every aspect of our lives is impacted in some way by 
STEM . . . and historically speaking, women and minorities have always been seen as not 
being able to be good enough to even be in these classes and clubs . . . and so it’s 
important to me that we show these kids that they CAN compete and can be quite 
successful.  
 
Claudia shares her perspectives on STEM, African American youth and social pressure 
It’s a significant factor, STEM is going to impact any level of career you have . . . it’s 
important to introduce [STEM] to kids early because that’s when kids are naturally 
curious . . . there’s a lot of social pressure . . . particularly in our community to not think 
that learning is something that you want to do . . . I don’t think it’s as much of a problem 
as it used to be but I know that culturally there is a tendency for kids who are quote 
unquote smart, to be alienated or picked on, or accused of trying to be white.  
 
Charles contends that African American youth are over exposed to sports and underexposed to 
STEM education 
I think African Americans are exposed a lot to sports and athletics, but when it comes to 
some of the educational stuff we’re not exposed as much to it. I don’t know if it’s 
because of the areas that we live in, I don’t know if it has to do with parenting, whatever, 
but it seems like when it comes to sports we’re all over that, but when it comes to 
education, depending on how you were raised or your environment it’s not pushed as 
much, so I think it’s really important to African Americans. And plus I think that . . . 
we’re not represented well in that field. (Charles, 2016) 
 
Alan Davis, with his background and experience working with urban youth, brings an alternative 
perspective that informs what Charles suggested previously about African American youth and 
sports. 
STEM education is important to everyone. All kids should get STEM, but the only place 
to get it free is at school. And school is limited in their delivery model. So STEM is 
available at a school and everyone knows that what schools provide is limited and not 
enough if you have a child that really wants to excel in STEM. So what makes this even 
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more an issue, is because a family that is privileged and this isn’t even about color, what 
it takes for a family to subsidize their child’s education is tremendous, in both time and 
money. And the average low-income or working poor family is working, they care about 
their child’s education no less than, your more affluent families, but they lack the time 
and the financial resources to be able to subsidize their child’s engagement outside of 
school . . . so where sports might come with a lower cost, sure they can get engaged in 
sports [and not] even have to drop them off. But when you’re looking for something 
intellectually stimulating, that’s getting into STEM there just aren’t those opportunities 
readily available at a cost that the average family that is not privileged financially can 
afford. That’s the real issue. (Alan, 2016) 
 
 Robotica: The resource challenge. 
We [YOA] want to reach as many kids as possible with as little money as possible, so 
robotics doesn’t really fit that paradigm very well, cause if you want to build an effective 
robotics program you need to be able to purchase the materials that you need, you need 
to be able to spend whatever time is needed. Money is always a limiting factor. ~ Alan 
Davis 
 
Alan, Sharon, and Claudia admit that sustaining Robotica can be a daunting task and that 
funding is a major issue. The dual city in this case is evident, except the divide extends beyond 
the schema of low-income and undereducated on one side and the educated and middle-upper 
income on another. In this story, the Dual City has barriers that exist for the middle class, 
educated, and even university-affiliated individuals. Claudia admits attempting to gain access to 
funding for underrepresented students in the local community can be disheartening. Sharon 
admits there is more to the process of robotics than she knew, including funding needs. And Alan 
discusses the politics of navigating a bureaucratic institution and sustaining funding for robotics 
with the support of federal and state funded agencies such as YOA. 
 Sharon discusses her learning experience 
The first challenge is being able to know where to look for resources. It’s a very daunting 
task, it was much more difficult and challenging than I expected . . . I did my due 
diligence research and even talked to the First people, everyone makes it sound like it’s 
so easy. Like you just get kids who wanna do it, you find a space, you get the equipment 
and boom you just do it . . . but there is so much more to it. From the stand point of FTC, 
realizing just how much money was going to be involved, just to obtain the parts . . . you 
have to buy them, you have to pay for all of the registrations, then you realize when the 
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parts come that this is really only half of what you are going to need . . . to really build a 
truly competitive robot. Now you’ve gotta try to figure out other ways to obtain parts and 
the money to do so. And also, everything that’s in that box right there [pointing to the 
robot box], will make that little square robot, but there’s not enough parts to add on the 
attachments and to make what is necessary [to be] competitive. (Sharon, 2016) 
 
 Alan discusses the reality of navigating bureaucratic institutions seeking funding support 
for programs such as Robotica 
Even when I say we have the resources, we meaning YOA, we are still federally funded 
and county funded, so when the state has problems with its budget, it means we don’t 
know what the future holds for us. Any program that is institutionalized youth 
development work. There are also people who are holding the purse strings who are 
looking to get the biggest bang for their buck, and that turns out to be a game of money. 
We want to reach as many kids as possible with as little money as possible, so robotics 
doesn’t really fit that paradigm very well, cause if you want to build an effective robotics 
program you need to be able to purchase the materials that you need, you need to be able 
to spend what ever time is needed. Money is always a limiting factor. 
 
 Claudia shares her disillusionment with the local STEM intensive environment and lack 
of community outreach 
I’ve gone out using my personal networks trying to canvas and identify sources, funding 
volunteers etc., to say hey you’re in the STEM industry, you’re an engineer, you work for 
this company, you would think with all this push to help African American kids in STEM 
people would be falling all over themselves to help, but you just get met with a lot of 
ambivalence, like oh that’s cute, good luck with that (Claudia giggles) so there’s no sense 
of urgency, the fact that we in such a STEM intensive environment but there’s not really 
any impetus from the university, I was just really disheartened by the whole “we don’t 
really do community engagement” thing . . . you feel the vibe because you walk up to 
these buildings and you can’t get in, they have no community outreach and you can’t 
even talk to somebody unless you are suppose to be there, you get that vibe, like you’re 
not welcome here. 
 
 Community informatics in STEM education: With the support of YOA. 
An FTC team, while still not cheap . . . doesn’t cost that much. An FTC team can be 
successfully implemented with anywhere between $6,000 and $10,000. What’s interesting 
is – I’m saying that - but we don’t have that. ~ Alan Davis 
 
While funding and resources were a perceived as a major challenge for the parents, they 
also managed to persevere, obtaining all of the necessary resources to complete the robot, and 
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prepare for the upcoming robotics competition. The Youth Outreach Association (YOA), where 
Alan Davis is employed as a Youth Development Educator, performs widespread community 
outreach and provides support for youth programs such as Robotica. As a result, Alan Davis was 
able to leverage support for resources through YOA. He was very instrumental in obtaining the 
support of specialized volunteers, a working space, and financial support for some of the 
supplies. Both Sharon and Claudia agree that Alan Davis is a driving force in their ability to 
sustain the demands of a competitive youth robotics team. Claudia says, “Alan Davis has been 
the life, blood, and driving force behind Robotica.” Sharon says, “The university through YOA 
and Alan has contributed considerable knowledge and assistance, Alan’s awesome enthusiasm 
. . . bringing in his considerable resources both in helping us find grants, secure a space, look for 
mentors and get the word out there.” Because YOA is a local university affiliate that bridges 
resources from the university to the community and supports work that addresses STEM 
inequality and access issues; in this study, Alan Davis and YOA represent ambassadors of 
community informatics in STEM education. 
 Alan Davis explains: 
Lego pieces and parts cost a lot of money, the registration to be a part of First Lego 
League costs a lot of money, it’s like $225, a kit costs like from $500 to $600, that’s in 
the novice category . . . there are many places where that is not affordable, YOA then 
becomes a great resource, because we have the ability to make it affordable, for kids who 
wouldn’t ordinarily be able to access something like a robotics club. We [YOA] have our 
own money, so we can provide support to [robotics] clubs to get the equipment they 
would need to start a robotics program. So that was another benefit to a First Lego club, 
[partnering as] a YOA club, because that meant they could get, access to the resources 
that YOA has at its disposal. Which is not only equipment, but also volunteers and 
volunteer organizations. So if you’re parents lacking the expertise to help their kids build 
robots, or lacking the time to spend time in a meeting, then volunteers make a great 
resource . . . because now you’ve got people who either have the expertise in building 
robots and/or have the time to spend with the kids during their competitive build season. 
We make participation in robotics cost effective for families . . . have a pot of money we 
can dip into to get those materials. Not every unit has the same budget. In some cases the 
budget is really low and so the club has to fundraise, you have be really organized, but 
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YOA we can help with the structure of the club so it’s do-able. Robotica is significant 
because there is no longer an FTC team in this area, meaning Lovington. There’s only 
one FRC team and they are closed. So anybody who really wanted to participate in 
anything other than FLL wouldn’t have anywhere to turn. So existence of FTC is 
significance because it has the potential to bring back an opportunity for kids to 
participate in a robust form of robotics, at a cost that is not as high as FRC. An FRC team 
from what I have seen, has a budget of anywhere between $20,000 and $40,000 a year. 
An FTC team, while still not cheap . . . doesn’t cost that much. FTC team can be 
successfully implemented with anywhere between $6,000 and $10,000. What’s 
interesting is, I’m saying that, but we don’t have that (hearty laugh). 
 
 Structure vs. autonomy: A learning experience. 
They learn how to work as a team, which is generally how engineering is done in the real 
world. No one engineer creates, builds, tests, they don’t do the whole aspect of anything 
. . . they have to work in teams and it’s about figuring out what your passion and aptitude 
is, then learning how to work with others in a common goal of creating something. ~ 
Sharon  
 
In accomplishing the completion of the robot in time for the competition, these parents 
believe that it is important to provide structure, yet also allow the Robotica team members a 
sizeable amount of autonomy. The parents want the team members to be agents of their own 
interests and advancement. This included lessons in teamwork and time management. This was 
new for these middle school students, it gave them the opportunity to be in charge of their own 
destiny and develop leadership skills, to make mistakes; problem-solve, learn on the fly, 
communicate, fail, rebound, and prevail. It also gave the parents an opportunity to exercise 
patience while the Robotica team members discovered their own rhythm for working together. 
 Claudia struggles with the question of how much autonomy is too much. 
As parents we kinda struggle with the notion of how much autonomy to give [the 
Robotica team members] . . . we have expectations that their not able to meet in terms of 
them being able to actually plan and sequence, you gotta do this, then this, then this and 
this and that. I don’t think they have that skill set, and you leave them too much choice, 
you end up with a whole lot of time spinning your wheels. And so as parents were 
working through this . . . because you don’t want to tell them what to do but, you have to 
be able to figure out how to set up a structure where they have enough structure to be able 
to have choices . . . be able to evaluate and make decisions, [such as] how that goes, [or] 
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that’s not what I’m an expert at, I haven’t figured out a way to effectively help him build 
that skill set in terms of knowing how to evaluate choices. 
 
 Sharon shares that the Robotica work environment is intended to mimic a real 
engineering environment. 
They learn how to work as a team, which is generally how engineering is done in the real 
world. No one engineer creates, builds, tests, they don’t do the whole aspect of anything 
. . . they have to work in teams and it’s about figuring out what your passion and aptitude 
is, then learning how to work with others in a common goal of creating something . . . 
they get to know themselves better. They get to hone their own leadership style and get 
leadership skills. Also they get to see where in engineering, where in STEM there desires 
really do fit. So they get a lot of real life experience with that. 
 
 Charles recognizes that team building means getting to know each other 
They learn to work together as a team. We could tell from the beginning that that was a 
little bit of a struggle because everybody came from a different background; a couple of 
them knew each other but they didn’t really spend a lot of time with one another so 
they’re really learning how to work with a team, (laughs) that’s one thing . . . they’re 
learning the technology and science part of it, but they’re learning it on a more advanced 
level that you wouldn’t learn it in school unless you were in the high school level class or 
something like that. They won’t even go that far with it in school so, this is like really 
cool for them to be a part of, something that’s outside of school that there interested in 
that’s educational 
 
 Twice Exceptional: What does that mean? 
Eric wasn’t doing well, particularly when it came to writing. A lot of kids would be done 
in twenty minutes; Eric would still be sitting there. I knew he was bright, I didn’t 
understand this twice exceptional thing.  
~ Claudia  
 
During one of my conversations with Alan Davis, he informed me that two of the 
Robotica team members were diagnosed dyslexic and possibly a third. These students had 
significant difficulty with reading and writing. Claudia described her son Eric as dyslexic and 
twice exceptional, meaning difficulty with reading and writing, yet gifted in other areas such as 
mathematics and computational thinking. I spoke with Sharon on a few occasions concerning her 
daughter Chyna. Sharon had recently removed Chyna from a local prestigious private school and 
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enrolled her in a public school in the Lovington area. Chyna needed more support than the 
private school could provide. Similar to Eric, Chyna was twice exceptional. Her ability to decode 
language, letters, and symbols was below other students in her age group and grade level. Yet, 
both Chyna and Eric excelled at building and programming robots. Both had been interested in 
programming (Eric) and building robots (Chyna) from a young age. During my observations, 
both Chyna and Eric was often laser focused and engaged during the Friday meetings. Their 
interest and ability in robot building and programming was evident.  
 Sharon talks about her daughter Chyna 
 
[Chyna] has inattentive ADHD, dyslexia, dysgraphia, and central auditory processing 
disorder. Which for her makes concentrating and focusing difficult, most especially if it 
is something she is not interested in, and she has difficulty with things that don’t move 
quickly. And with executive function, so she needs quite a bit of support . . . [Robotica is] 
a great social outlet and she gets to do her most favorite thing, which is build robots. 
She’s precocious, she wants to do everything fast, very curious, very inquisitive, lots of 
questions, very hands on, advanced or I guess that goes with precocious. Knows herself 
well. Willing to take chances. (Sharon, 2016) 
 
Alan adds to the discussion regarding Chyna  
In Lego programming it’s all visual, it’s all drag and drop programming; for FTC the 
programming is Java, and it’s not visual, it’s text based. So some of the parents were 
concerned that, “oh my gosh,” my kid already doesn’t read well, doesn’t really like to 
read, is really more hands on, is really more visual, we are not sure . . . this text based 
programming thing . . . might be a deal breaker for us, so they spent the summer doing 
some research. Chyna jumped in; in fact her mom told me that she’s not really a strong 
reader, very bright, but reading is not her thing, so if she has to do something that is 
texted, she is not going to like it. So she [Chyna] spent the summer wrapping her mind 
around it, trying it, keeping in mind the ultimate robot they are going to build. And still 
came to us and decided “yeah, I still want to do it.” 
 
 Claudia discusses her son Eric and dyslexia. 
My experience with Eric and his dyslexia . . . having learned a lot about it, even though 
they suspect that maybe five as much as ten percent of the population has some level of 
dyslexia, I think there’s a significantly higher proportion among African Americans, 
particularly African Americans males, one of the things that really started me . . . we 
suspected that he might have dyslexia, it was his fourth grade teacher that said (pause) 
fourth grade is a time where you transition from learning to read, to reading to learn . . . 
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you are reading information that you need to express back. Eric wasn’t doing well, 
particularly when it came to writing. A lot of kids would be done in twenty minutes, Eric 
would still be sitting there. I knew he was bright, I didn’t understand this twice 
exceptional thing.  
 
 Researcher: What does that mean?  
 
That means that you are gifted but you also have some sort of disability  
 
Youth Findings 
Each student in this study attends a different local middle school in the Lovington area. 
Sydney attends a local private middle school. Michael, Eric, and Collin each attend different 
public middle schools in Lovington. Chyna attends a public school in Shadows, a conjoined city 
with Lovington, with similar demographics. The cities of Lovington and Shadow are known 
locally as twin cities.  
Some of the students were more talkative than others. I attempted to capture the essence 
of these Robotica team members and their perspectives on school, their participation in Robotica, 
and capture a glimpse of how they understood their STEM possible-selves.  
 School: Science is my Favorite Class! 
Cause we get to do fun experiments and stuff, but it’s not only that - we also have to do 
the journal, so it’s kinda like introducing us to if we would want to be a scientist ~ Chyna 
 
Every student interviewed for this study stated that science was his or her favorite subject 
in school; when a second favorite subject was mentioned, it was math. When they discussed the 
reasons for their science preference, all except one student related their preference for science to 
appreciating the hands-on activities, labs, and experiments. Eric’s on the other hand, main 
preference for science was based on the organized structure of the classroom. Organized 
classroom structures are important for Eric throughout his interview.  
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Twelve-year-old Michael discusses which classes are his favorites and why they are 
important to his future  
I mostly like all of them, but I guess probably math and science, because I really want to 
be a mechanical engineer . . . when I get older, I want to do really cool engineering, so I 
wanna do like different types of engineering, a couple different types, and math and 
science is they key to it, cause if you really don’t know math and science, or your not 
really good and you want to become an engineer, you have to practice practice practice. 
 
When I asked 12-year-old Collin about his favorite subject in school he said, 
It used to be math, but now it’s starting to become science. For science, I like the labs, 
it’s pretty interesting and cool, there’s a lot of stuff that I really didn’t know . . . we did 
static electricity stuff, we made our own goo, yeah . . . it’s pretty cool. 
 
Twelve-year-old Sydney says, 
I like science, because we had a science fair so, I did mine on growing plants with 
aspirin, and I grew six plants, 1 without aspirin and five with aspirin, the one with aspirin 
grew the longest, but the one without aspirin grew the tallest.  
 
Chyna describes her reasons for liking science the most: 
I like science the most because it’s one of the only hands-on core classes that we have . . . 
we get hands on experiences in the other ones, but [science is] the one where we get, like, 
the most hands on experience. Cause we get to do fun experiments and stuff, but it’s not 
only that - we also have to do the journal, so it’s kinda like introducing us to if we would 
want to be a scientist. 
 
Eric says: 
My science class is my favorite class . . . I like the teacher there because he’s really 
helpful and he has a good note taking system . . . he would make a PowerPoint and we 
would take notes off of it and we would . . . underline all of the main points that we 
needed to write down and then he would explain each slide as we go through . . . we have 
chrome books for everybody, so he sends the PowerPoints to us . . . and he still explains 
it . . . sometimes we go at our own pace, so then we can get everything down in time also, 
but he still gives us enough time to write down everything . . . with a class like that you 
have to be kinda organized or else it won’t make sense at all. 
 
 Challenges with Schooling: Underrepresented Youth and Resilience. 
We have a test and a bunch of people including me who aren’t that far in the book . . . we 
don’t know what to do . . . then you usually end up failing the test . . . she doesn’t notice 
the people that are behind. ~ Eric 
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Collin and Chyna had both switched schools recently. Chyna went from a private school 
to a public school in the Shadow school district and Collin switched schools from the Shadow 
district to the Lovington district. Collin and Chyna often compared the two schools throughout 
their interview; both conveyed some disappointment in their newer school. Chyna, Eric and 
Collin often discuss feeling behind at school in some classes, yet being ahead in others and 
experiencing boredom in other classes. They are aware of their learning challenges in some 
classes, yet at the same time, describe other classes with feelings of discontent, feeling spoon-
fed; frustrated with unorganized instruction; feeling more advanced than the curriculum and 
wanting more out of the instruction in certain classes. Michael and Sydney had the most positive 
attitudes about school and expressed the most satisfaction with school of all five students 
interviewed. Chyna, Michael and Eric all mentioned being in advanced placement (AP) classes. 
When I asked Collin about how he felt about attending a new school in the Shadow 
district, he said: 
Well I like how big it is and I like the way they organize things, but in my opinion I just 
don’t learn very well, as much as did in Lovington, for some reason. Maybe it’s because 
I’m in eighth grade and well not saying that seventh grade was easy but I feel that I don’t 
learn as well as I did in Lovington. 
 
I’m going to drop out of this [technology] class . . . because I don’t really like it . . . 
we’ve done Garage Band and Photoshop . . . I love that type of stuff, it’s just that the 
class it doesn’t help me because it’s going over stuff that I already know . . . I already like 
doing that stuff and I do it sometimes at home . . . but I thought the class would be 
something where I would learn what I didn’t know before . . . my dad has garage band on 
his iPad . . . I play with that a lot, and that’s pretty cool . . . but I really want to do some 
stuff with Photoshop. 
 
Twelve-year-old Chyna, who is diagnosed dyslexic says: 
[at my private school] . . . we would learn about stuff, take notes and then do an 
experiment, then learn about something else, take notes, do an experiment, at [the 
Shadow district school] we learn about the stuff and we take notes but . . . we put all that 
stuff in our journal, which we turn in, but at [my private school] we never turned in the 
notes or do a journal, we just learned the stuff, took notes and then did an experiment. I 
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think I like [my private school] science more, just because we had some range of freedom 
with what we put on our notes, the notes at [the Shadow district school], she’s just spoon 
feeding it to us, [we] only write the underlined stuff. 
 
 Eric, who is dyslexic, shares his frustration with reading and writing class. 
. . . my writing and reading class, we don’t really do much, and then [the teacher] doesn’t 
really say what to do. We just kinda have to expect that we are doing the right thing. 
Which is usually just sitting and reading for 45 minutes and then we have test on 
vocabulary . . . the tests are really hard . . . the whole class reads the same book, but we 
read it by ourselves and then we have a test on the book . . . she uses who ever is furthest 
ahead, if it’s only like three people then that’s how she expects everybody to be . . . then 
we have a test and a bunch of people including me aren’t that far in the book and we 
don’t know what to do . . . then you usually end up failing the test . . . she doesn’t notice 
the people that are behind. 
 
Michael really likes school and says: 
The teachers at my school are really nice, and they really try to help kids the best they 
can. Sometimes we get to be on our phones, play a game or watch movies. Even though 
we still have work to do sometimes on rare occasions, and also we can do like really cool 
experiments, like in science this week, we actually got to see our check cell and an onion 
cell. 
 
 Future Careers in STEM: STEM Possible selves. 
When you go to college you can do college FRC. FRC, those are much larger, they can 
build them 6 feet I believe or taller, they have barely any limits, they can use hydraulics, 
pistons I believe they are allowed to use the car battery . . . I think I might see about 
doing FRC college level, or maybe try building my own robots in my spare time when I’m 
bored. ~ Chyna 
 
All of the students who mentioned future aspirations related them to science, technology 
and engineering. Chyna, Sydney, Michael, and Eric are specifically interested in careers in 
engineering for the future. Collin, a sports enthusiast, says he is more interested in sports 
medicine. Every student interviewed for this study expressed some level of connection with his 
or her STEM possible-self. Even though they are not quite sure which kind of STEM career 
interests them, they all spoke with high aspirations for their STEM future. 
 Eric discusses his plans upon graduating high school. 
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Well I would already be done by that time applying for most of my colleges . . . the top 
colleges on my list are MIT, Stanford, Princeton and then Northwestern and University of 
Illinois . . . so far . . . I haven’t really figured out which [kind of engineering] to major in . 
. . with mechanical it’s more like building a car . . . with electrical . . . an iPad, those 
things usually work together, like mechanical and electrical, and like a civil maybe . . . 
electrical figures out the wiring, programming and all of the other stuff . . . electrical is 
mostly computers and also machines, it’s still somewhat confusing . . . cause they are 
very alike, they do the same things, but they do different parts of them.  
 
Michael wants to build cars. 
I defiantly want to work at an engineering place, I don’t know . . . I’ve been thinking of 
working at a car shop, the place where they actually build cars, like maybe Honda or 
Nissan, a small company, because the big companies, Ferrari, Lamborghini, they’re 
probably all the way across the world somewhere. Like maybe somewhere in England or 
something. 
 
Collin likes sports and likes the idea of being a personal trainer for athletes. 
Yesterday . . . it was a career day . . . and we basically . . . learned about different careers 
and stuff and it was basically helping us find out what we wanted to do after high school, 
so yesterday and today and this morning I’ve been thinking about what I was gonna work 
on cause of yesterday and what I was gonna do after I graduate and my dad thought that I 
would be a good personal trainer for athletics and stuff, so yeah . . . I wanted to be in the 
NBA and stuff like that . . . I was thinking about going to Duke. 
 
Chyna wants to continue building robots throughout college and even when she’s bored. 
I think I’m gonna do this [FTC robotics] next year and then I might do it the year after 
next, but at the same time I think we’re going to start looking for people who might want 
to do FRC or something . . . FRC is the high school level. Then when you go to college 
you can do college FRC. FRC, those are much larger, they can build them 6 feet I believe 
or taller, they have barely any limits, they can use hydraulics, pistons I believe they are 
allowed to use the car battery . . . I think I might see about doing FRC college level, or 
maybe try building my own robots in my spare time when I’m bored.  
 
 Participation in Robotica. 
It’s really fun, but sometimes it’s a problem because we’re not really focusing as much, 
we’re focusing more on social stuff. ~ Collin 
 
 When these students talk about their participation in Robotica, it is with mixed emotions. 
Each of the Robotica team members had differing perspectives on Robotica, the progress of the 
team, and how they felt about the performance of the team overall. Chyna, who from my 
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observation is the most knowledgeable about robotics and has the most experience in building 
robotics, seemed to be the most disappointed. The other Robotica team members seemed more 
focused on the fun and social learning aspects of the project. However, they all seemed to enjoy 
being a Robotica team member and building robots—sometimes. During my observations, the 
girls spent more time engaging with building the robot than any of the boys. Chyna and Sydney 
were observably the most steadfast with building the robot and preparation for the upcoming 
competition. Eric, Michael, Mark and Collin spent a moderate amount of time building the robot 
and spent most of their time focused on the programming aspect of the robot or engaging socially 
with each other.  
 Chyna contends, 
I would say, at the start of next season, there’s gonna be a lot of changes. Focusing is like 
part of the problem, the other problem is like, just staying committed or being productive  
 
Collin admits, 
Pretty cool and fun, it’s really fun, but sometimes it’s a problem because we’re not really 
focusing as much, we’re focusing more on social stuff and talking but I really like them, 
they’re really cool.  
 
Eric discusses the social aspects. 
It’s okay, yeah, I like it. I get to communicate with other people . . . my ideas and see 
what they think and how to fix it and stuff, I get to share my reasoning with everything 
. . . and get to hear their part of what they have to say. Which I usually don’t get to do a 
lot . . . cause I don’t really do this a lot anywhere else.  
 
Michael enjoys the camaraderie and travel. 
It’s awesome, they are funny, we usually have a great time, we argue but then the next 
week, when we meet we’re like “Hey” and also like the most fun parts are ROAD 
TRIPS! (with excitement) because they are like hours of fun! 
 
Sydney loves meeting new people 
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A hands-on experience and you get to learn a lot of new things, if you don’t know it, you 
get to meet a lot of new people, a lot of new teams, and then it’s just fun to do with your 
team, you get to do all of the things, building and programming. 
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Chapter 6 
Discussion of Findings 
Community Cultural Wealth 
As I transcribed these interviews, and themes emerged, I reflected on Yosso’s theory of 
Community Cultural Wealth. According to Yosso’s (2005) theory of Community Cultural 
Wealth, there are five forms of capital that have emerged in the in communities of color. Yosso 
(2005) asserts that by “centering the research lens on the experiences of People of Color” (p. 77) 
and situating these experiences in “critical historical context” (p. 77), five forms of capital 
emerge. These forms of capital are formed by the “array of knowledge, skills, abilities, and 
contacts possessed and utilized by Communities of Color to survive and resist macro and micro-
forms of oppression” (p. 77). These five forms of capital include aspirational, navigational, 
social, linguistic, familial, and resistant capital.  
The Robotica project had already started, yet the team was still in needed of more 
resources. For these parents, STEM education resources were a form of capital necessary to 
move forward with the project. The parents were observably working-class to middle class 
status, they were all educated beyond a Bachelor’s degree; one was a retired medical doctor, one 
had earned a law degree, and another had earned a Master’s and was a university affiliate, yet 
access to the local space of flows, where STEM resources flow, was still problematic.  
Throughout the process of initiating and sustaining Robotica, Sharon, Claudia, and Alan 
employed what Yosso (2005) refers to as “navigational capital.” Navigational capital is a form of 
capital that “infers the ability to maneuver through institutions not created with Communities of 
Color in mind” (p. 77). These parents were using navigational capital to access “STEM social 
capital.” STEM social capital is network connections and embedded relationships with STEM 
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individuals/professionals associated with STEM institutions; organizations, companies and 
groups where STEM resources flow, such as tech companies, engineering colleges, and 
computer science institutes. STEM resources were not easily accessible even though these 
parents are considered as situated on the “right side” of the digital divide. Access to local 
institutions and affiliated companies was still a major challenge. Claudia suggests the 
environment was unwelcoming. Alan was concerned about finding mentors that could relate to 
the African American youth. These parents are aware that on a macro level, gaining access to 
quality STEM resources means accessing a certain level of STEM social capital. A form of 
capital that is limited in the African American community. However, in this case, it is 
aspirational capital that sustains the parent’s navigational capital. Yosso (2005) describes 
aspirational capital as,  
The ability to maintain hopes and dreams for the future, even in the face of real and 
perceived barriers . . . This resiliency is evidenced in those who allow themselves and 
their children to dream of possibilities beyond their present circumstances, often without 
the objective means to attain those goals. (p. 78) 
 
Because navigational capital acknowledges individual agency within institutional 
constraints, and aspirational capital maintains hope and dreams, these parents bonded together 
and used both navigational and aspirational capital to become their own agents of change. 
Counter-Narratives 
During my review of the participant interviews, I recognized that three significant 
counter-narratives emerged throughout the data. Counter-narratives are understood as both a 
“method of telling the story of those experiences that are not often told (i.e., those on the margins 
of society) and a tool for analyzing and challenging the stories of those in power (Yosso, 2005).” 
While I did not deliberately solicit counter-narratives, and counter-storytelling was not my 
89 
selected methodology for this study, I was aware that the concept of a Robotics program initiated 
by African American parents was a counter-narrative within itself. 
The four most prominent counter-narratives that emerged from the interviews and 
observations were:  
1. Counter-narratives to the deficit-thinking paradigm in academic discourse (Valencia, 
2012). 
2. Counter-narratives to the perceived educational and socio-economic status of those 
relegated to the margins of STEM access and opportunity (Castells, 1998; Williams, 
2011). 
3. Counter-narratives to social capital theorists who situate African American communities 
as dysfunctional, and issues of social inequality as perpetuated by socio-structural 
dysfunctions such as a lack of social norms that produce social capital (Tzanakis, 2013) 
4. Counter-narratives and/or challenges to how we perceive the gifted and talented and 
those who are exemplars of a future in STEM education (Brown, 2005; Renzulli, 2004). 
Deficit Thinking and Social Capital theory 
All of the parents were aware of deficit thinking trends. Deficit thinking discourse posits 
that African American parents are non-supportive in the education of their children, and African 
American students who fail in school do so because of internal deficits or deficiencies. Deficit 
thinking also attributes academic underperformance in African American youth to limited 
intellectual abilities, linguistic shortcomings and a lack of motivation to learn (Valencia, 2012). 
However, the stories that were told by the parents and students of Robotica emerged as counter-
narratives to deficit thinking. These parents were passionately engaged in supporting the 
Robotica team members. These parents perceived education, particularly STEM education as 
very important and were willing to confront real and perceived social barriers in an effort to 
provide access and opportunity for their children. This finding also counters social capital 
theorists who situate African American communities as dysfunctional. The Robotica parents, 
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may not have known exactly what they were getting into, but the program is sustained by its 
organization and semi-structured nature. 
Rethinking Gifted and Talented 
While some of the youth participants had diagnosed issues that made completing some 
school assignments more of a struggle than others, these students still persevered in maintaining 
a STEM identity, which included a positive image of their STEM possible-selves. A possible-
self is a type of self-knowledge that pertains to how individuals think about their potential and 
their futures. Oyserman (1995) cautions that African-American students image of his or her 
possible-selves can be constrained by issues such as self-identity, racism, and oppression. 
However, in this study, the support of these parents had been consistently instrumental in the 
development and maintenance of the youths STEM possible-selves.  
Those Relegated to the Margins 
The underrepresented are often referenced in academic literature as undereducated and 
low-income, yet the narratives in this study counter some of the assumptions pertaining to those 
groups relegated to the margins. This story highlights the efforts of African American parents, 
through a unique story of courage, audacity and determination. It also provides a glimpse into a 
different understanding of the gifted and talented. I recommend that we use this study and other 
studies similar to this to gain an in-depth understanding of these this groups if we truly are 
seeking ways to serve them equitably. This study contributes to a scholarly literature that seeks 
to address the needs of the underrepresented in the K-12 STEM education pipeline.  
Community Informatics in STEM Education 
Community informatics in practice informs this study. Alan Davis as a CI ambassador 
was a significant factor in creating and sustaining Robotica. While Alan’s university networks 
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may not have been extensive enough to gain all of the desired resources, his position as educator 
at YOA, and ability to leverage initial resources had a significant impact on the maintenance and 
growth of the program. Bridges from universities to the local communities that support youth 
programming and projects are important. Without bridging networks and resources from the 
university, the development of Robotica may have been impaired significantly. This study 
highlights the urgency of policy and programs that address bridging the resources of companies 
and organizations that are located on public property to provide support for local STEM 
education initiatives.  
 
92 
Chapter 7 
Conclusion 
Throughout this study of Robotica, I have attempted to provide a platform for the voices 
and experiences of one group that meets the criterion for those underrepresented in STEM. I 
wanted to know how/why this group of African American parents attempted to gain access to 
resources and implement STEM programming outside of a traditional school setting. I also 
attempted to provide insights on the backgrounds of the student participants, how each student 
experiences the efforts of their parents and their perspectives on schooling, Robotica and STEM.  
In my review of academic literature pertaining to K-12 STEM education, community 
informatics, and the underrepresented, I was intrigued by the notion of gaining experiential 
knowledge from a group that is often discussed, but who rarely provides their own narrative. 
Because of my own background as an African American researcher, mother, and STEM 
education enthusiast, I presumed there was more to the story than is typically represented in 
literature. At the conclusion of this study, I realize the insights provided in this study inform both 
STEM education literature and policy, by calling attention to some of the predictable and 
unpredictable obstacles and advantages in providing STEM education outside of schools for 
underrepresented youth. While drawing attention to the complexity of STEM education 
programming, this study not only highlights the barriers that perpetuate the “digital divide,” but 
it summons our attention to recognize a “STEM divide” as well.  
Conquering The STEM Divide 
 Similar to the digital divide, this study underscores the reality of a STEM divide, an 
apparent gap between those who have access to STEM information, tools, resources, training and 
careers opportunities, and those who have restricted or no access. Yet, the dividing lines of the 
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“STEM dual city” (see Chapter 3) are not exclusively situated along the lines of geographic 
space and socio-economic status. The STEM divide is rooted in historical patterns of 
exclusionary and discriminatory policy and practice in education; a pattern that has enabled a 
continuous reproduction of participation gaps in STEM. While gains have been made toward 
making the STEM education pipeline more accessible to women, African Americans and 
Latinos, there is ample of room for improvement. With STEM disciplines and fields historically 
dominated by White males; White males, then, are the primary gatekeepers to access and new 
knowledge production in those fields, whether deliberately or by default. This pattern beckons 
me to recommend that we rethink the way we think about STEM education reform directed at 
increasing STEM participation for underrepresented groups. Using the community informatics 
framework of practice informing theory, and theory informing practice; from this study of 
Robotica emerges the following practical and theoretical perspectives, along with STEM 
education recommendations. 
 Traditional schooling structures that operate under policy mandates of curriculum 
standardization, high stakes testing and honors tracking, such as the No Child Left Behind and 
the Common Core, provide insufficient time to engage quality STEM programs such as 
Robotica. Yet, experiential learning, critical thinking, innovation and teamwork abilities are 
critical skills for the 21st century job and career market. Developing robotics teams and various 
other STEM activities require specialized knowledge, capital, research and training. Schools in 
urban and small urban areas serving predominantly low-income and working class students of 
color, do not typically have the funding surplus to afford the cost of programs such as Robotica. 
While some schools do support and implement robotics programs during and after-school, 
African American and Latino students likely attend a school where the STEM social capital 
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necessary to launch programs such as Robotica is simply not there. At the time of this study, 
there were no programs similar to Robotica (with FTC robots) being hosted inside or outside of 
the local schools. Yet, it is extracurricular STEM activities outside of schools, such as Robotica, 
that provide a space for students to experience flexible participation, partial autonomy as 
individuals and as a group, along with participation in program creation, structure, decision 
making and other critical thinking exercises.  
Robotica parents demonstrated that African American parents are a useful resource and 
can lead the way in supporting youth STEM education programs outside of school such as 
Robotica. STEM education policy directed toward supporting parent agency in STEM education 
can be a key to developing supplemental STEM education initiatives for underrepresented 
students. The community informatics in practice, university/community partnership model, has 
been influential in bridging and bonding social capital and provides a template for the concept of 
community informatics in STEM education.  
For kids to have knowledge of STEM fields and disciplines it is important for parents to 
be knowledgeable about STEM, yet for traditionally marginalized groups, many are not. Career 
paths and career trajectories for science, technology, engineering and mathematics disciplines are 
multileveled, complex and continuously evolving. For example, possible STEM career options in 
2016 for engineering include, aerospace engineering, agricultural engineering, automotive 
engineering, biochemical engineering, civil engineering, electrical engineering, environmental 
engineering, industrial engineering, robotics engineering, nuclear engineering and photonics 
engineer. Recognition of ones possible-self in any one of these engineering career categories 
would first require knowledge that the field exists and an understanding of how that field 
connects to real life. In the pursuit of assuring a promising trajectory in STEM for 
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underrepresented groups, we must consider the utility of student and parent STEM career 
awareness, at the beginning of the K-12 STEM education pipeline. Please note, that while I 
suggest beginning parental and student involvement in STEM education initiatives during 
primary grade levels, high school is never too late. Culturally/peer connected, out-of-school 
STEM education initiatives with partnerships that involve parental support and peer 
involvement, provide students who struggle in traditional schooling settings alternative 
opportunities to achieve. Youth have a chance to see themselves in STEM and imagine their 
future in STEM, while building self-esteem outside of the environment of traditional classrooms. 
For STEM education policy makers, it is imperative to address the urgency of educating parents 
who can act as co-creators of their child’s STEM education experience. In rejection of the deficit 
model of African American students and families, this study suggests an evolution in thinking, 
toward understanding parents as valuable agents in STEM education reform. Parents and 
students become knowledge creators, and through agency and leadership, create the image of 
students of color in competitive robotics and other STEM activities. These ideas need to be 
further developed particularly for children with special needs such as ADHD, dyslexia and other 
central processing disorders. For the Robotica crew, in spite of disorder labeling and classroom 
struggles, these students demonstrate exceptionalism in STEM. 
 When youth become the co-authors of their own STEM experience and gain the 
knowledge and maturity to pay it forward, peer-to-peer K-12 mentorships between, elementary, 
middle and high school students can assist in building peer relationships and sustainable STEM 
community networks. The sustainability of the network is grounded by the paired equity of the 
resources each parents brings to the table.  For example, those parents who are more flexible can 
support the children of parents who do not have time or money to spare. Moreover, semi-
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structured curriculums implemented by parents co-created with teachers can be developed to 
connect the hands-on learning experience with the theories being taught in class. Hence, further 
grounding and sustaining K-12 STEM education pedagogy through the essence of hands on-
project based learning initiatives such as Robotica.  
The Essence of Grounded Theory 
The essence of constructivist grounded theory methodology is to examine the experiences 
of people by observing their spaces and capturing their individual perspectives. CGT is a 
methodology that places voices and experiences from the margins in the forefront. This allows a 
context grounded in experience to emerge, which can address specific phenomena. In this study, 
the experiences of the participants, their subsequent feelings about their experiences and their 
subsequent actions in response to their experiences inform STEM policy and practice in a unique 
way. By listening to the experiences of these participants, the underrepresented emerge from 
being recognized as low-income, disorganized, disadvantaged, undereducated, racial, and ethnic 
minority groups—to a group of dynamic African American professionals from a variety of 
backgrounds. A group determined to push through barriers and constraints in an effort to 
advance the future possibilities of their children and other people’s children.  
These perspectives provide a window for us to better understand STEM education and 
areas of need; and to conceptualize ways of providing support for students in K-12 STEM 
education and providing support for parents to initiate community embedded STEM education 
pipeline initiatives such as Robotica.  
The Education Debate 
The debate underway on STEM education is multileveled and complex, driven by the fact 
that the nature of work and ability to earn a living in our society has shifted from low-skills, 
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hands-on manufacturing industries to higher-skilled, STEM driven, knowledge, and information 
industries. Challenges of international competitiveness, rapid technological advances, and 
multilevel equity issues have landed the nation at, what some consider, a difficult and uncharted 
educational crossroads. Those who want to compete in our evolving labor market will need 
advanced skills, such as critical and divergent thinking, problem solving, interpersonal, 
communication, and reasoning skills. Programs such as Robotica can lead the way.  
The Future 
In the end, I received a phone call from Sharon (parent #2) after attending my dissertation 
defense. She was impressed with my study of Robotica and was moving forward with her goal of 
starting a local youth robotics initiative. Sharon is interested in establishing a program that will 
address the local community deficit in quality K-12 STEM engagement for underrepresented 
students. Sharon envisions a multifaceted robotics program, which includes traditional robotics, 
combat robotics, underwater robotics and flying drone robotics for K-12 students. Sharon then 
asked me if I would join her, and if it would be okay to use the pseudonym “Robotica,” from this 
study, for the new program. I told her I would be honored. 
A Love Story 
For the researcher, Robotica was a Love story. I fell in love with the leadership, the spirit, 
and the agency. This story is unique and different from what I thought I knew. If you are a true 
fan of agency, I hope you loved it too. 
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Appendix A 
 
Youth Questions 
 
1. What’s your name and what school do you attend?  
2. Tell me about school. What do you like and dislike?  
3. What is your favorite subject?  
4. If not mentioned from the above question . . .  
5. What do you know about science or technology?  
6. Have you had an engineering class or hands on experience and do you like math? Why or 
why not?  
7. What do you think about math?  
8. Tell me what you know about technology?  
9. Describe Invader Bots. What does the name mean? How was it created?  
10. How did you get involved with this program? What do you like most about it?  
11. What you think this may do for you in the future?  
12. Where do you see yourself after you graduate from high school?  
13. If going to college what will you study? Has Invader Bots influenced your decision? 
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Appendix B 
Parent Questions 
 
1. Tell me who you are and your affiliation with Invader Bots * 
2. How did you find Invader Bots and how did this situation come to be? What’s the story 
from the beginning? * 
3. What is the race and gender demographic you notice at robotics competitions? * 
4. Tell me about the Invader Bots (4-H Club) program and why it’s important to you? * 
5. From your personal perspective, how important is STEM education to African American 
youth and why? * 
6. What are some of the challenges in putting together a robotics program such as this? * 
7. What’s the significance of children starting early in the STEM education pipeline i.e. 
middle school * 
8. Why do you think your child comes to the Vader Bots program? 
9. Describe your child. 
10. How or why did you choose this club for your child? 
11. Have you considered other options for robotics clubs for your child? 
12. Tell me some of your most memorable stories about Invader Bots. 
13. From your perspective, what do students get out of the Vader Bots projects? 
14. What is your main goal with this program? 
15. How is this program supported financially? 
16. What is the cost of doing this kind of robotics team? 
17. How has the University contributed to your program? 
18. How has the community contributed to your program? 
19. How do parents contribute to the Invader Bots programs? 
20. How do students contribute to your program? 
21. Are you aware of any other robotics clubs? 
22. In what ways do you contribute to the Invader Bots program? 
23. Does your child have any struggles in a traditional school classroom? Please describe. 
24. In a perfect world, what is missing from your program that you would like to have? 
25. Finding a robotics club – obstacles/challenges 
26. Are there any obstacles that you believe are the results of invader bots desire to be 
competitive team? 
27. What about the context of 4-H makes it easier or difficult to access STEM resources? 
28. Were there any obstacles/triumphs in selecting/finding youth participants? – 
obstacles/challenges 
29. Were there any obstacles/triumphs in forming the club? – obstacles/challenges 
30. Were there any obstacles/triumphs in finding the space – obstacles/challenges 
31. Were there any obstacles/triumphs in gaining access to resources – obstacles/challenges 
32. What have you done to address the obstacles and challenges? 
 
